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Abstract 

In time yield estimation of a crop is essential for the economy of a country. It 

is also important for planners to have an accurate and precise estimate of a 

crop and this especially important when the crop is insufficient to meet the 

demand of the country. As among all the crops, wheat is the most important 

staple food of Pakistan, so the most of government agricultural polices are 

wheat oriented. Pakistan faced a very serious shortage of wheat and in the 

late 2007 and this created a serious challenge to law and order.    

 

The prime objective of this research is to build a statistical model in a scientific 

way, using all available ground information, so that a good and reliable 

estimate of wheat crop can be achieved at least two months prior to the arrival 

of actual production of the crop. Also a comprehensive descriptive study has 

been conducted regarding the wheat production in the Punjab taking various 

dimensions of explanatory variables. 

 

In the detailed descriptive study, impact of irrigated / un-irrigated areas, 

sowing time, fertilizers, pesticides spray, seed quantity, number of water 

(number of turns same amount of water is supplied to one acre of wheat on 

different times during the whole growing season of the crop), number of 

plough, number of level (number of turns ground level of the field is 

smoothened for even distribution of water throughout the field and for 

moisture conservation) , seasonal rainfall, seasonal humidity level, maximum / 

minimum average temperature of the season and also different combination 

of these variables on the quantity of yield of the crop has been examined, 

which has revealed many folded dimensions.  

 

A new methodology titled as ‘Weighted Rainfalls’ is created to develop a 

stronger relationship between yield of wheat and seasonal rainfalls because 

rainfalls of different months of Rabi season have varying impact on the final 

yield of wheat, which leads to the need of weighted rainfalls. The concept of 

weighted rainfalls verified very effective in estimation of wheat production 



 XVI

through the statistical model. Different criteria like MSE, AIC and SIC for 

competing models have also supported that estimates of wheat using 

weighted rainfalls concept are better than the estimates using total rainfalls of 

the season. 

 

After the development of the model, its validity has been examined through 

different confirmation runs. All validity runs also have supported that the 

developed model is working properly and can be used as general wheat’s 

model for its projection in any year. This concept can be easily extended for 

other crops using weighted rainfall pattern for that crop. 

 

As, this study is based on the sample data taken from the whole province, so 

a method of unequal probability sampling using more than one measure of 

sizes has also been proposed for the sake of an improvement in the sample 

selection of villages giving priorities to more than one parameter of interest. 

Obviously a suitable sample of villages having a reasonable representation of 

all the major surveyed crops of the province will ultimately give a good 

estimate of a crop.  
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Chapter No. 1 

Introduction 

Pakistan’s economy is agricultural based and a major proportion of country’s 

population is directly or indirectly related to this field. Agriculture is the 

mainstay of the economy and source of earning for majority of population in 

Pakistan. Agriculture supports industry, provides employment, earns foreign 

exchange and helps to reduce the poverty. The development of the 

agriculture sector depends upon sound policy and plan based on the empirical 

data. The Government policy is to ensure maximum food security through 

sustainable agricultural development and balanced growth of agriculture 

sector to meet population needs and also to generate agricultural surplus to 

finance economic development of the country. It is obvious if the country / 

province is statistically well organized; sufficient data and in-time reliable 

estimate of a crop are available through some scientific way, along with the 

rest of all the other steps taken for the enhancement of a crop production.  

 

Agriculture accounts for 20% GDP and together with agro-based products 

fetches about 80% of the country’s export earnings. More than 44% of the 

labour force is employed in this sector. More than two-third of Pakistan’s 

population lives in rural areas and their livelihood continues to revolve around 

agriculture and allied activities.  

 

In this regard Ministry of Food & Agriculture (MINFA), Government of Pakistan 

is efficiently working with the collaboration of provincial Crop Reporting 

Services departments. All these provincial departments collect and manage 

the agriculture statistics of all the major and minor crops on provincial levels 

through a huge field force and send to the MINFA for the final compilation of 

the agricultural data on the country level. As no one could deny the 

importance of accurate and reliable statistical data for policy / plan formulation 

for the development of the economy of the country. 
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1.1 Introduction to Pakistan 

The constitutional name of the country is ‘Islamic Republic of Pakistan’ 

and it was created as an independent state from British rule on August 14, 

1947 under the great leadership of Quaid-e-Azam, the founder of Pakistan. Its 

capital is Islamabad. It was consisted of two portions namely East Pakistan 

and West Pakistan. But, unfortunately, it was split into two independent states 

on December 16, 1971 and now former East Pakistan is named as 

‘Bangladash’ and former West Pakistan as ‘Pakistan’. 

 

(i) Geographical Position of Pakistan 

Pakistan has a significant position in Asia especially in South Asia, as it 

is situated between Indo-China and peninsulas of Arabia. It lies between 24ºN 

to 37ºN. Its neighboring countries and provinces are mentioned in the map as 

given in the Figure 1.1, 

 

 

Figure 1.1  Map of Pakistan 

 

In the North and Northeast of Pakistan, China is located with a boundary line 

of 592 km between Pakistan and territory of China: Sinkiang. In the East, 

Pakistan boundary line meets with India ‘s states Punjab and Rajastan. The 

length boundary line between Pakistan and India is 1600 km. In the West, 
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Pakistan has 2240 km boarder line with Afghanistan named as Durand Line, 

demarcated in 1897 by British regime. In the Southwest side Pakistan has 

832 km long boarder line with Iran. Arabian Sea lies in the South of Pakistan, 

which is a part of Indian Ocean. Pakistan has 1000 km seacoast shared 

between two provinces: Baluchistan and Sindh.   

 

There is a disputed territory of Jammu & Kashmir in the Northeast of the 

country between Pakistan and India. It is the main bone of contention of 

dispute between Pakistan and India, as there are three wars in 1948, 1965 

and 1971 between the countries mainly on this issue.  

 

(ii) Population Trend in Pakistan 

Area of Pakistan is 796,096 km² and population is almost 170.5 million. 

Table 1.1 shows population trend in this territory, 

Table 1.1: Population Trends Pre / Post Independence in Pakistan 

 

All the results given in Table 1.1 are based on the census conducted by the 

respective regimes and results were officially announced.  Last census was 

held in 1998 and next was due after a decade i.e. in 2008 but it could not be 

conducted so far due to the continuous war against terrorism since 2001, 

massive disaster of earthquake in 2005 causing a death toll of more than 

75,000 lives and historic flood in 2010.  So, Pakistan Census Organization 

(PCO), Government of Pakistan has given an estimate of population against 

2010. Pakistan stands 6th in the world and 2nd in the Islamic world according 

to the 1998 population census. 

 

Years
Population 

(million)
% Inc./year

1901 16.540 - Pre Partition
1947 32.500 1.479 West Pakistan
1961 42.880 2.044 Pakistan
1972 66.390 4.054
1981 83.725 2.611
1998 130.580 2.649
2010 170.500 2.273 Estimated

Population Increase
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Males are 8.5% more than female, population density is 166.3 persons per 

km², urban proportion is 32.50%, average annual growth rate is 2.69%, 

literacy ratio is 43.92% with male 54.81% and female 32.02% literacy rate, 

labour force is 31.98% and average household size is 6.8% in Pakistan as per 

last population census.    

 

Province wise proportion of population, on the basis of 1998 census, is 55.6% 

in Punjab, 23% in Sindh, 13.4% in Khyber Pakhtoonkhaw (formerly NWFP), 

5% in Balochistan, 2.4% in FATA and 0.6% in Islamabad. Population density 

is 164 persons per km².   

   

Table 1.2 bears a ranked list of population wise top ten cities of Pakistan 

according to the last census conducted in 1998 and a projected population in 

2010 of the respective cities. 

  

Table 1.2: Population of the Ten Big Cities of Pakistan 

 
(Source: Population Census Organization, Pakistan) 

 

As given in Table 1.2, Karachi and Lahore are the first and second the most 

populace cities of Pakistan, respectively. Karachi is also a hub of Pakistan’s 

economy, as it has the biggest and the busiest seaport. An exceptional 

increase can be seen in capital area i.e. 84% in twelve years. 

   

 

 

 

City
Census 

1998
Projected 

2010
%age 
inc.

Karachi 9.339 13.387 43
Lahore 5.143 7.215 40
Faisalabad 2.009 2.912 45
Rawalpindi 1.410 2.014 43
Multan 1.197 1.610 35
Hyderabad 1.167 1.521 30
Gujranwala 1.133 1.676 48
Peshawar 0.983 1.387 41
Quetta 0.565 0.872 54
Islamabad 0.529 0.973 84

Population of Big Cities of Pakistan
(Million)
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(iii) Administrative Setup of Pakistan 

An administrative distribution of Pakistan in to Province / Division / 

Districts / Tehsils was introduced during British rule (1857-1947) on the basis 

of population density.  

After independence in 1947, the administrative system is still continued in 

Pakistan. With the passage of time, number of divisions / districts / tehsils go 

on increasing subject to the population increase. At present (2010), Pakistan 

has 4 provinces, 27 divisions, 107 districts, 357 tehsils and 47,586 villages. 

Table 1.3 shows a distribution of divisions, districts and tehsils in all the 

provinces. 

 

Table 1.3: Number of Divisions, Districts and Tehsils in Pakistan  

 

Capital of Pakistan, Islamabad, Tribal Areas (FATA) and Northern Areas 

(Gilgit Agency) are independently federally administrative areas, as they are 

not included in any province.  

 

Each division comprises three to six districts within itself. Name of a division is 

same as the name of it’s the most populous district and that district is also 

called Divisional Headquarter. Districts are further divided into two or more 

tehsils. But no further division from District to lower level i.e. tehsil is 

discussed in the study.  

 

(iv) Climatic Environment of Pakistan 

Geographically Pakistan lies in the region where all seasons come with 

their full swing. Pakistan’s latitude causes a high diversity of temperatures in 

all the seasons. Pakistan Metrological Department (PMD), Government of 

Pakistan, has 66 observatories to collect the weather reports from all over the 

country. The major part of the country is dominated by dry weather. Pakistan’s 

weather is divided in to four categories as follows, 

Province Division District Tehsil
Punjab 9 36 115
Sindh 5 21 107
Balochistan 6 26 113
Khyber Pakhtoonkawa 7 24 22

Number of Divisions, Districts & Tehsils
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- Winter  Mid-November to Mid-March 

- Spring  Mid-March to End-April 

- Summer May to September 

- Autumn October to Mid-November 

 

 In winter season, December and January are the coolest months. In 

Northern areas, temperature may fall up to -20°C like in kalam, Kaghan and 

Sakurdu etc. But on the Southern side and center of the country like in Sindh, 

lower Punjab and East Balochistan, winter temperatures remain moderate 

between 1°C to 10°C. It shows a significant variation in the temperatures of 

the country. 

 

In summer season, June and July are the hottest months. Upper Sindh, lower 

Punjab and Easter parts of Balochistan like Jacobabad, Sibi, Kashmor and 

surroundings are the hottest areas and temperature may rise up to 52°C in 

summer season. But summer temperatures at Northern areas being 

mountainous remain mild. 

 

An important part of summer season is the Monsoon season, which remains 

between July and September. More than 90% area of the country is 

dominated by dry climate. The annual average rainfall is not more than 164 

cm anywhere in Pakistan. Northern mountainous area receives more amounts 

of rainfalls as compared to the plain areas of the country. 

 

(v) Agriculture of Pakistan 

Pakistan is a land of agriculture. Its climatic environment enhances the 

potential of agriculture activities of all kinds of crops in the country. The major 

crops of Pakistan are wheat, cotton, rice, sugarcane, maize, pulses, fruits 

(especially mango and citrus) and vegetables. 

 

The total area of Pakistan is 196.612 million acres (79.6 million hectres) of 

which 25.2% (49.55 million acres) is cultivated, 10% is culturable waste, 3.6% 

is under forest and rest of 60% is not available for agriculture purpose.  
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Agricultural year of Pakistan is divided in to two seasons: Rabi (November to 

April) and Kharif (May to October). Main crop of Rabi are wheat, gram and oil 

seed etc. where as main crops of Kharif are rice, cotton, maize and sugarcane 

etc. 

  

Pakistan is ranked as 11th in the world and 4th in Asia as a wheat producing 

country. Wheat has 37.1% share in the total cropped area. Pakistani cotton is 

one of the top qualities cotton and it contributes about 2% in GDP of the 

country. Pakistan is the 4th largest cotton growing country in the world, Oxford 

Atlas (2009).  The third important crop of Pakistan is rice. Pakistan’s rice 

variety, Basmati, is liked world wide, as it is unique in taste, size and 

fragrance and has no match in the world. Pakistan earns millions of dollars of 

foreign exchange in exporting rice. Pakistan exported rice of worth 2 billion 

dollars in 2009-10. Unlike wheat it is not sown country wide, but its major 

growing areas are some central part of the country and especially upper 

Punjab like Gujranwala and Lahore divisions. Rice crop occupies about 10% 

of the total cropped area of Pakistan, Punjab Agricultural Statistics (2009-10). 

 

(vi) Governmental Set Up of Pakistan 

According to operational 1973 constitution of Pakistan, constitutional 

name of the country is ‘Islamic Republic of Pakistan’ and parliamentary 

democratic system is promulgated in the country. Prime Minister is the chief 

executive and president is head of the state. Similarly Chief Minister is chief 

executive and Governor is head of a province. 

 

Senate and National Assembly are working on federal and on provincial level; 

there are provincial assemblies in their respective provinces. Number of seats 

in the provincial assemblies is proportional to the population strength of the 

respective province. 

 

Since the establishment of Pakistan in August 14, 1947, the country has faced 

four military governments: Field Marshal Ayub Khan (1958 to 1969), General 

Yahay Khan (1969 to 1971), General Zia-ul-Haq (1977 to 1988) and General 

Pervaiz Musharaf (1999 to 2008). 
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Names of main political parties actively working in Pakistan’s politics are 

Pakistan People Party (PPP), Pakistan Muslim League (PML), Pakistan 

Tahreek-i-Insaf (PTI), Awami National Party (ANP), Jammat-i-Islami (JI), 

Muthaida Qumai Movement (MQM) etc. 

 

Currently in 2011, Mr.Asif Ali Zirdari (PPP) is President and Mr. Yousaf Raza 

Gillani (PPP) is Prime Minister of Pakistan and on provincial level Mr. Sardar 

Latif Khan Khosha (PPP) is Governor and Mr. Mian Muhammad Shabaz 

Sharif (PML) is Chief Minister of the Punjab. 

  

1.2 Introduction to Punjab 

Indian province Punjab was divided into two parts named as East Punjab 

and West Punjab in 1947, when sub-continent was partitioned into Pakistan 

and India. The East Punjab is now the part of Pakistan. Later on in 1955, state 

Bahawalpur was also merged into the Punjab. 

 

The name Punjab means that the land bears five rivers named as Ravi, Sutlej, 

Chenab, Jhelum and Indus, which play a pivotal role in the economy of the 

province. Lahore is the provincial capital. 

 

(i) Geographical Position of Punjab 

The area of the Punjab is 205,344 km² and lies between latitudes 

27.42° and 34.02°N and longitudes between 69.18° and 75.23°E. It is 

surrounded by Azad Jammu & Kashmir on Northeast, by the capital 

Islamabad and Khyber Pakhtoonkhaw (KPK) on North, by Balcohistan and 

FATA on West and by Sindh on Southwest, as illustrated in the Figure 1.1. 

 

The most of the area of the province is level plain but its Northwest area is 

hilly, rising to 1500 meters and higher. Rawalpindi district, especially Tehsil 

Muree falls in this region. The bordering area of Punjab with Balochistan 

comprising D.G.Khan and Rajanpur districts is also hilly with maximum height 

of about 3300 meters. 
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There is a salt range in the central part of the Punjab located in the north of 

District Khushab, having mountains of maximum heights 5000 ft. Salt is the 

specialty of this region, which is consumed in the country and a significant 

quantity is exported each year, Oxford Atlas (2009).     

 

(ii) Administrative Setup of Punjab 

Population wise; Punjab is the biggest province of Pakistan as it shares 

55.6% of total population of the country. As per 1998 population census, 

population of Punjab is 73.621 million with a growth rate of 3.4% per year and 

the highest density of 359 persons / km². Upper Punjab comprising Lahore, 

Gujranwala, Rawalpindi divisions, is more congested as compared to lower 

Punjab consists of Bahawalpur, Multan and D.G.Khan divisions.  

 

Being the most populous province, Punjab has maximum number of divisions, 

districts and tehsils in the country. There are 9 divisions, 36 districts and 115 

tehsils in the Punjab as stood on December 2010. Details of divisions and 

districts are given in Table 1.4     

 

Table 1.4: Divisions & Districts of Punjab as on 2010 

Divisions Districts Divisions Districts 

1. Rawalpindi 

Rawalpindi 

5. Lahore 

Lahore 
Attock Sheikupura 
Jehlam Nankanasahib 

Chakwak Kasur 

2. Sargodha 

Sargodha 
6. Sahiwal 

Sahiwal 
Khushab Pakpattan 
Mianwali Okara 
Bahkhar 

7. Multan 

Multan 

3. Faislabad 
Faislabad Khanewal 

Jhang Vehari 
T.T.Singh Lodharan 

4.Gujranwala 

Gujranwala 
8. Bahawalpur 

Bahawalpur 
Hafizabad Bahwalngar 

Gujrat Rahimyarkhan 
M.B.Din 

9. D.G. Khan 

D.G. Khan 
Sialkot RajanPur 

Narowal Muzfergarah 
Layyah 
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The last division Sahiwal was created at the start of 2010. Up to the end of 

2009, there were 8 divisions in the Punjab and the districts Sahiwal and 

Pakpattan were included in Multan division and Okara was in Lahore division. 

In the study, data of administrative division of 2009 has been used.  Figure 

1.2 shows geographical location of the districts of the Punjab, 

           
Figure 1.2 Districts of the Punjab 

On the basis of number of districts, Gujranwala division is the biggest one, as 

it comprises six number of districts unlike any other division of the province. 

 

(iii) Agriculture of Punjab 

Punjab is a hub of agricultural activities in Pakistan, as it is the land of 

five rivers due to which its land is much fertile and suitable for cultivation of all 

kinds of crops.  

 

There are 25,912 villages in the Punjab and total reported area is 43.2802 

million acres (17.5223 million hectares) out which 29.04% is uncultivated area 

and rest of 70.96% is cultivated. Share of forest area is 2.91%, cultureable 

waste is 9.29% and fallow is 8% of the total area. 

 

As discussed earlier in the Section: 1.1 (v) that the most of the weather of 

Pakistan is dry. Similarly, Punjab weather is mostly dry and water availability 
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for crops is due to the presence of compact canal system, as Pakistan has the 

biggest canal system in the world. 

 

Punjab agricultural land can be classified in to two categories: irrigated and 

Barani (un-irrigated). Barani area is totally dependent on rainfalls i.e. it is rain 

fed area. But 90% of Punjab agriculture land is irrigated and 10%, especially 

upper Punjab area like Rawalpindi division and partially Sargodha division, 

are un-irrigated, Agricultural Statistics of Punjab (2009). Figure 1.3 shows 

land distribution of the Punjab on the basis of water availability. 

Figure 1.3 Water Based Distribution of the Punjab 

 

As shown in the Figure 1.3, Cholistan is the biggest desert of Punjab / 

Pakistan and hence not suitable for agricultural purposes.  

 

Almost in all kinds of the crops, share of Punjab is the maximum in Pakistan. 

Table 1.5 shows statistics of main six crops of the province for the last ten 

years.  
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Table 1.5: Data of Main Six Crops of the Punjab 

 

 

 

Acreage of all the crops shows a consistency in the last decade. There is a 

variation in production and ultimately in the average yield per acre. 

 

The study is particularly related to wheat crop because it is the most important 

and maximum consumable staple food of the country. Referring Table 1.5 (A), 

( A ) ( B )

Area Prod Av.Yield % Area % Prod Area Prod Av.Yield % Area % Prod
(000acre) (000tonns) m/ac inc/dec inc/dec (000acre) (000tonns) m/ac inc/dec inc/dec

2000-01 15458.0 15419.0 26.72 ***** ***** 2001-02 3647.3 5566.0 40.89 **** ****
2001-02 18078.0 14594.0 21.63 16.95 -5.35 2002-03 3737.0 2579.7 18.49 2.46 -53.65
2002-03 15067.0 15355.0 27.30 -16.66 5.21 2003-04 4171.0 2871.5 18.44 11.61 11.31
2003-04 15458.0 15639.0 27.11 2.60 1.85 2004-05 4335.0 2980.0 18.42 3.93 3.78
2004-05 15763.0 17375.0 29.53 1.97 11.10 2005-06 4355.0 3179.0 19.56 0.46 6.68
2005-06 16021.0 16776.0 28.05 1.64 -3.45 2006-07 4271.0 3075.5 19.29 -1.93 -3.26
2006-07 15896.0 17853.0 30.09 -0.78 6.42 2007-08 4259.0 3286.0 20.67 -0.28 6.84
2007-08 15820.0 15607.0 26.43 -0.48 -12.58 2008-09 4887.0 3643.0 19.97 14.75 10.86
2008-09 16893.0 18420.0 29.21 6.78 18.02 2009-10 4773.0 3713.0 20.84 -2.33 1.92

( C ) ( D )

Area Prod Av.Yield % Area % Prod Area Prod Av.Yield % Area % Prod
(000acre) (MilnBales) m/ac inc/dec inc/dec (000acre) (000tonns) m/ac inc/dec inc/dec

2001-02 6242.0 8.046 5.87 **** **** 2001-02 2016.4 304.2 4.04 ***** *****
2002-03 5457.0 7.664 6.40 -12.58 -4.75 2002-03 2125.1 611.5 7.71 5.39 101.02
2003-04 5898.0 7.702 5.95 8.08 0.50 2003-04 2111.4 524.0 6.65 -0.64 -14.31
2004-05 6223.0 11.149 8.16 5.51 44.75 2004-05 2363.4 760.6 8.62 11.94 45.15
2005-06 5995.0 10.268 7.80 -3.66 -7.90 2005-06 2224.2 382.5 4.61 -5.89 -49.71
2006-07 6086.0 10.350 7.75 1.52 0.80 2006-07 2250.5 728.3 8.67 1.18 90.41
2007-08 5992.0 9.062 6.89 -1.54 -12.44 2007-08 2443.9 387.5 4.25 8.59 -46.79
2008-09 5495.0 8.751 7.25 -8.29 -3.43 2008-09 2394.8 658.2 7.36 -2.01 69.86
2009-10 6019.0 8.552 6.47 9.54 -2.27 2009-10 2345.6 497.0 5.68 -2.05 -24.49

( E ) ( F )

Area Prod Av.Yield % Area % Prod Area Prod Av.Yield % Area % Prod
(000acre) (000tonns) m/ac inc/dec inc/dec (000acre) (000tonns) m/ac inc/dec inc/dec

2000-01 1045.3 794.5 20.36 ***** ***** 2000-01 1519.7 26705.1 470.81 ***** *****
2001-02 970.2 741.9 20.49 -7.18 -6.62 2001-02 1623.0 31803.1 525.00 6.80 19.09
2002-03 1036.7 882.9 22.82 6.85 19.01 2002-03 1817.0 33168.0 489.07 11.95 4.29
2003-04 1041.5 893.3 22.98 0.46 1.18 2003-04 1752.0 34023.0 520.29 -3.58 2.58
2004-05 1173.7 1934.6 44.16 12.69 116.57 2004-05 1593.0 33048.0 555.82 -9.08 -2.87
2005-06 1336.0 2319.0 46.50 13.83 19.87 2005-06 1545.0 28969.0 502.35 -3.01 -12.34
2006-07 1217.0 2161.9 47.59 -8.91 -6.77 2006-07 1759.0 37541.9 571.81 13.85 29.59
2007-08 1228.0 2402.1 52.41 0.90 11.11 2007-08 2044.0 40306.0 528.32 16.20 7.36
2008-09 1320.6 2627.2 53.30 7.54 9.37 2008-09 1665.0 31844.0 512.41 -18.54 -20.99

WHEAT RICE

Year Year

COTTON GRAM

Year Year

MAIZE SUGARCANE

Year Year
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The last ten years data of wheat show a more variation in the cropped area 

because as the demand of other crop is increased, farmers switch over to that 

crop and consequently, sowing area of wheat is decreased. As the food 

sufficiency is the prime policy of the government, so, to make the wheat crop 

more profitable for farmers, government enhanced the support price of wheat 

from Rs.625/40 kg to Rs.950/40 kg and resultantly sowing area of the crop 

increased by 6.78% and consequently production by 18.02% in 2008-09, as 

mentioned in Table 1.5.     

 

1.3  Statement of the Problem 

This research study is an attempt to develop a statistical model for the 

projection of wheat yield using the ground information, as there is no regular 

usage of satellite facility for this purpose in Pakistan. This methodology can 

be easily extended to any kind of the crop by incorporating the specific 

changes in the developed model.  

 

It is a cross sectional study rather than a longitudinal one. The main focus of 

the study is the development of a model for the projection of the crop yield for 

any Rabi season irrespective of a year / time period. As the changes occur 

from year to year in any Rabi season are of two types: climatic and the crop’s 

inputs. These both changes / parameters have been segregated in to different 

explanatory variables and incorporated in the proposed model by using data 

from 2004-05 to 2008-09 such that the model is independent of any time 

binding.  

 

1.4  Objectives of the Study 

In time, rather before time estimation of quantity of any crop, especially 

in case of wheat, is essential for any country. It is mandatory for the planners 

of any regime to have an accurate and precise estimate of a crop to cope with 

the shortage crises of the crop, as Pakistan faced a very serious crisis of 

wheat’s shortage in 2007. Also in time, an accurate estimate of a crop gives a 

significant relief to the country’s exchequer in terms of saving foreign 

exchange. Because in case of surplus crop, it has to export on very cheap 
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rates and in case of instant shortage of a crop, it has to import on very 

expensive rates. And in both cases, the nation suffers.  

 

Hence the prime objective of this research is to build a statistical model in a 

scientific way, using all available ground information, so that a good and 

reliable estimate of wheat crop can be achieved. It is crosses sectional study, 

independent of time factor. 

 

The same methodology can be executed for the other crops. But currently, 

merely wheat crop is being considered because it is the largest and the most 

important crop of Pakistan, which is cultivated through out the country in the 

Rabi season (October 15 to April 15). Also the most of the agricultural policies 

and focusing point of any Pakistani government             are based on getting 

the self-sufficiency status in the wheat crop, which is the depiction of the 

significance of the crop.  

 

1.5  The Study Plan 

As the main objective of the study is to develop a general statistical 

model for the projection of wheat yield irrespective of any particular year / 

district / division / zone (irrigated or un-irrigated) and also to conduct a 

detailed descriptive study of all the parameters of wheat production, so a 

sufficient amount of data of many years has to used. 

 

For this purpose, a detailed study of all the variables involved in the study has 

to be conducted. Different classes of categorical variables have to be 

differentiated and their inclusion in the study with respect to the availability of 

data has to be examined. 

 

Availability of data is the main issue in the study. As discussed earlier, a 

secondary data, on provincial level collected by Crop Reporting Service 

(CRS), Agriculture Department, Punjab, will be used that is available only in 

hard form. To create generalizability in the wheat model, data of 2005-06 to 

2008-09 for 41 regressor variables comprising more than 25000 cases and 
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almost 1½ million values will be manually fed. For temperature and humidity 

data, another attached wing of Punjab Agriculture Department named, as 

Extension will also be consulted. 

 

For implementation of validity checks, wheat yield data for 2009-10 in respect 

of Sargodha division consists of both types of irrigated and un-irrigated areas 

will be used. The predictive performance of the model for both types of areas 

can be better assessed, as the division has an appropriate proportion of both 

irrigated and un-irrigated areas unlike any other division of the Punjab. 

 

For the implementation of the concept of weighted rainfalls, data of daily 

rainfalls from 2000-01 to 2006-07 from the seven observatories of 

Meteorological Department, Government of Pakistan, situated all over the 

Punjab and wheat data of respective district of observatory from CRS will be 

incorporated. As the concept of weighted rainfalls is almost unprecedented in 

the literature of agricultural statistics, so a detailed comparative study of 

individual rainfall of each Rabi month, total rainfall and weighted rainfall of the 

season as independent regressor variables in the model will be carried out in 

order to observe the improvement in the predictive performance of the model 

(if any) and to reach a final acceptable model for operational use.   

 

As the whole discussion is based on the data of sample villages from the 

province, which is used for all kinds of agricultural surveys by the Agriculture 

Department, Government of the Punjab, so a new methodology for the 

selection of sample villages using the concept of unequal probability sampling 

by applying an idea of merging more than two measure of sizes will be 

proposed. The proposed methodology will improve the selection criteria of the 

sample villages by giving proportional impact of all the crops under 

consideration and consequently a selected sample of villages on the basis of 

the proposed technique will improve the estimates of the yield of the 

respective crops.     
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Chapter No. 2 

 

Literature Review 

A number of research papers are available on the estimation of crop yield. But 

the most of the papers are based on the time series studies as the prediction 

is based only on previous obtained information and not on data that can be 

obtained regarding this years yield.  

 

In some modern countries like the United States of America, Canada, and 

Germany etc. crop yield estimation is totally conducted by using the 

information received from the aerial photography through various satellites. 

Special terminologies and techniques are utilized in interpreting the remote 

sensing data in order to get the crop yield estimates.  

 

In some cases like China and India etc. both remote sensing data and ground 

information are incorporated for the purpose of crop yield estimation. 

 

In Pakistan, crop yield estimates are obtained by using the ground information 

(given in Table 3.1). There is no facility to merge the ground information with 

satellite-received data to achieve the target of crop estimation. Although, a 

Federal Government organization, SUPARCO has satellite facility and 

manages various aerial surveys, but it is not regularly utilized in the crop yield 

estimation surveys. Hence, it is a constraint to use the ground information for 

the said purpose. 

 

The following are some research papers relevant to the research topic under 

hand. But in the most of the papers, researchers have incorporated ground 

information with the remote sensing data for the estimation of a crop produce.  

 

Singh (2004) said that in any agricultural statistics system, yield estimation of 

a crop is the most significant task. Currently, the making of a crop yield 

estimate is based on a subjective approach i.e. by examining the crop 

condition, which is based on eye estimates (an assessment / judgment of crop 
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yield based on personal experience / expertise of the farmer). There are two 

main factors, which influence the yield of a crop: whether and agricultural 

inputs like fertilizers spray and seed etc. and by incorporating these two 

pieces of information, various foresting models for crop yield estimation can 

be developed.   

 

Another approach, which is widely used, is the application of remote sensing 

data for the purpose of yield estimation. Various studies have been conducted 

for the development of relationship between crop yield spectral parameters 

using vegetation indices. Crop yield models were developed by Shah (1999) 

using Geographical Information System (GIS) and satellite data. Verma et al 

(1988) verified that farmers guess regarding the crop yield estimation is 

exceptionally close to actual crop production.    

 

The author, in the current study, has developed more improved models for 

yield estimation by using spectral vegetation indices attained from satellite 

data and eye estimates of crop production as an auxiliary variable. At the time 

of peak vegetation growth stage of crop, data from General Crop Estimation 

Surveys (GCES), farmer’s estimate of corresponding fields and satellite data 

of that area have been used for the said purpose.  

 
In this piece of work, suitable models applying spectral vegetation indices 

(these are the values / codes generated in interpreting the remote sensing 

data)  (NDVI) and farmer’s eye estimate as regressor variables in the 

regression model have been developed for enhancement in crop yield 

forecasting models. For developing the models, wheat crop production data 

Rabi 1995-96 from GCES along with the farmers eye estimate of crop 

production for the respective plots of district Rohtak and the corresponding 

satellite spectral data for 1996 from IRS IB in the format of vegetation indices 

NDVI and RVI have been used. For verification purpose, the corresponding 

data has been taken for 1997-98.  
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Table 2.1:    Wheat crop yield forecasting model using RVI (x1), NDVI (x2) 
and the farmers eye Estimate (x3 for forecasting crop yield 
for district Rohtak for Rabi 1997-98 . (Using the model 
based on data for Rabi 1995-96 

 

*Values given within the parenthesis at the bottom of each value shows standard 

error of the respective value.  
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All the developed models show that there is minimum difference between 

actual and predicted yields estimates. The best estimates are obtained when 

satellite data of NDVI form is incorporated with the farmer’s estimates as 

explanatory variables in the model resulting a value of R² is equal to 0.90 with 

a minor standard error of 1.02 and there is approximately 5% standard error 

between actual and predicted values of yields estimates. 

 

Anup et al. (2006) said that many efforts have been implemented to develop 

different indices applying remote sensing data like Temperature Condition 

Index (TCI), Vegetation Condition Index (VCI) and Normalized Difference 

Vegetation Index (NDVI) for monitoring and mapping of drought and 

assessment of vegetation productivity and health. For the estimation of crop 

condition temperature, rainfalls, soil moisture and NDVI are key and 

significant information. 

 
In this study, the authors considered soil moisture, surface temperature, 

rainfall and NDVI data of Iowa state, US, for 19 years for crop yield prediction 

and assessment applying piecewise linear regression technique with a 

breakpoint. Crop production environment consists of a non- linear trend and 

inherent sources of heterogeneity. A non-linear optimization method named 

as, Quasi-Ewton multi-variat, is implemented, which significantly reduces lake 

of consistency and errors in yield estimation. 

 
The model is,  

Corn Yield = (c1 + (a1 x NDVI) + (a2 x SM) + (a3 x ST) + (a4 x RF)   
                                                                { for crop yield < breakpoint m} 
or 
 
Corn Yield = (c2 + (b1 x NDVI) + (b2 x SM) + (b3 x ST) + (b4 x RF)   
                                                                { for crop yield > breakpoint m} 
 
where,  
 
NDVI: Normalized Difference Vegetation Index 

SM: Soil Moisture (mm) 

ST: Surface Temperature (Kelvin) 

RF: Rainfall (mm) 



 20

c1 , c2 , ai , bi , for i = 1–4 are coefficients  

m = Mean Corn or Soybean crop yield (1982–2001, excluding 1994)  

       (breakpoint) 

 

Table 2.2 shows a comparison of observed and predicted yields by the model 

for the yields of corn and soybeans crops for a period of nineteen years from 

1982 to 2000  

 
 
 Table 2.2   Predicted and observed crop yield of Corn and Soybean crop 

for Iowa using non-linear piecewise linear regression with 
breakpoint (Quasi-Newton) method 

 

Year 
Corn Crop Yield Soybeans Crop Yield 

Observed Predicted Residual Observed Predicted Residual
1982 120 106.5419 13.4581 36.5 34.9126 1.5874
1983 87 83.7547 3.2453 35.0 31.2125 3.7875 
1984 112 102.6428 9.3572 31.5 33.8647 2.3647 
1985 126 138.4765 12.4765 38.0 36.8840 1.1160 
1986 135 130.1821 4.8179 41.5 41.9016 0.4016 
1987 130 131.7217 1.7217 43.5 43.3660 0.1340 
1988 84 98.5832 14.5832 31.0 34.2990 3.2990
1989 118 123.8340 5.8340 39.0 37.7836 1.2164 
1990 126 136.5609 10.5609 41.5 41.9585 0.4585 
1991 117 110.6744 6.3256 40.5 43.4231 2.9231 
1992 147 139.1637 7.8363 44.0 43.6675 0.3325 
1993 80 105.4158 25.4158 31.0 33.0437 2.0437 
1994 123 109.5531 13.4469 44.0 43.0535 0.9465 
1995 138 139.6419 1.6419 44.0 43.6592 0.3408 
1996 138 137.0569 0.9431 46.0 46.8009 0.8009 
1997 145 139.4707 5.5293 48.0 44.5158 3.4842 
1998 149 148.6499 0.3501 44.5 44.7721 0.2721 
1999 144 144.5584 0.5584 43.5 44.7258 1.2257 
2000 146 138.5173 7.4827 44.0 43.1563 0.8437 

 
 
Minimization of least square is achieved by iterative convergence process 

using pre-defined empirical equation, which provided acceptable minimum 

residual values with projected values significantly close to observed ones (R² 

= 0.78) for Soybean and Corn crop and (R² = 0.86) for Iowa state. The crop 

yield projection model discussed in this paper can be further improved in 

future with the use of sufficient data set. On the similar pattern different 

models for different crops for other locations can be developed.  
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Shafian and Valadanzouj (2007) conducted a research on the topic of 

projection of yield of a crop and said that crop yield projection is an important 

job on regional and national level, as population is gradually increasing and 

consequently there is an increasing need of micro-level planning and demand 

for crop insurance (Anup, 2005). It also increases the need of agricultural 

statistics on field level. 

 
Projection of crop yield is indispensable for the countries where agriculture is 

the prime main source of economy. Such predictions warn the policy makers 

about the right decision at the right time regarding the import / export of a 

particular crop. Therefore decision of agricultural-economic support price of a 

crop is highly affected by precise and timely yield estimation. 

 
The authors have mentioned Conventional and remote sensing as two 

techniques of crop yield estimation. Conventional method of yield estimation 

is mostly time consuming, costly and comparatively complicated and not 

suitable on large scale. Obviously faster and cheaper methods are preferred.  

 
The other technique Remote sensing has the potential to give estimates at the 

large scale and almost in real time basis, as well as, has capacity of not only 

to identify crop varieties but also of projecting crop production.  

 

Péter (2004) presented two methods for estimation of the yield of different 

crops in Hungary from satellite remote sensing data in his PhD thesis. All the 

steps regarding preprocessing of the remote sensing data have been 

described in the paper including radiometric, atmospheric, geometric and 

cloud scattering correction. 

The first developed method is about the field level prediction. For this purpose 

the crops wheat, sunflower, sugar beet, corn and winter barley were selected 

and three counties: Jász-Nagykun-Szolnok, Hajdú-Bihar and Hajdú-Bihar 

were chosen by applying Landsat TM data technique for classification. A new 

vegetation index (GYURI) was developed applying a fitted double-Gaussian 

curve to the NOAA AVHRR data in the time slot of vegetation. The coefficient 

of correlation between the field level yield data and GYURI for corn crop for 
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three years time period was r=0.87. The county-average yield data showed 

relatively higher correlation (r=0.96). A significant deviation from the model 

reflects information of the possibility of stress of the field. 

The second technique presented by applying officially reported county-level 

yield data and only NOAA AVHRR. A compulsory part of this technique is the 

correction, which measures the regional effects of the surface geometry, 

importantly the effects of the relief. Also, a new correction technique was 

designed to eradicate the influence of the Sun-sensor-target geometry, which 

enhances the precision of estimation procedures and yield forecasting. The 

developed vegetation index, GYURRI and county-level yield data were probed 

for ten different crops namely corn for sillage, winter barley, spring barley, 

wheat, potatoes, rye, alfalfa and green peas for eight years (1991-93 and 

1996-2000). The developed robust technique verified to be sustainable and 

precise for operational use for all the levels like county, region and country-

level yield prediction. Later on from 1996 to 2000, 39 of the predicted 50 

annual yield values i.e. 5 years and 10 plants, were in the 5% limit of the 

official HSO (Hungarian Statistical Office) data and overall they were in the 

10% error margin. It is an acceptable and good result even on the global level 

and verifies the practicality of the robust yield prediction technique. Also, on 

the basis of robust process, a new technique was also successfully designed 

that gives estimates with an acceptable precision for crop production well 

before the harvest days. The method is inexpensive and simple to apply in 

under developing countries, too. 

The operational estimation needs satellite data well in time. Therefore due to 

the installation of a satellite receiver station owned by the university, it is 

comparatively easier to implement a yield prediction service for several 

agricultural crops. 

Moriondo et al (2007) presented in their research that the implementation of 

crop simulation models on production estimates on a regional scale is 

generally limited by the deficiency of spatially distributed set of information on 

main environmental and agronomic parameters influencing crop conditions. 

The application of remote sensing data can circumvent this hurdle by 
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providing actual estimates of these conditions with different spatial and 

temporal resolutions.  

 
The current paper presents the testing and development of a framework 

based on a specific method, which applies NDVI data taken from satellite and 

a simulation model (CROPSYST) to predict wheat production.  

 
The operation is based on two major steps, the first being the calculation of 

wheat above ground biomass attained through the application of NDVI-

derived FAPAR estimates. The second step comprises the final repartition of 

the predicted biomass into crop produce, which is gained through the 

application of a harvest index calculated by incorporating the NDVI data and 

CROPSYST development sub-model.  

 
The proposed technique was implemented in two Italian provinces, Foggia 

and Grosseto, where wheat is grown in a wide area. In both cases, emphases 

were on the production of many years NDVI data sets descriptive of wheat 

conditions. Next, the current technique was applied to project wheat yield. The 

attained results showed the high accuracy of the technique in predicting yield 

of wheat at the provincial level. Correlation coefficients between simulated 

crop production and measured were –0.73 and 0.77 with 0.44 and 0.47 Mg/ha 

as corresponding Root Mean Square Errors (RMSE) for Foggia and Grosseto, 

respectively.  

 

Crop yield prediction technique applying remote sensing methods and GIS 

have been introduced specially during the last decade, but the technique has 

not yet been implemented to support agriculture statistics. The objective of 

this piece of work is to project sugarcane production applying a Multiple 

Linear Regression model. This study was carried out for two growing seasons 

from 2004-05 to 2005-06 on 444 sugarcane fields from the period of 2nd to 

5th cut in the Plant of Catanduva, Sao Paulo State.  

 

Quantitative explanatory variables in the model were: 

i) NDVI values from a single date Landsat /TM image  (NDVI). 

ii) Estimated yield by agro meteorological-spectral model (PR);  
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iii) Observed yield at previous harvest (TCHa);  

Qualitative explanatory variables in the model were: 

i) Growing season year (ANO) 

ii) Soil Water Retention (CAD) 

iii) Sugarcane harvest method (COT) 

iv) Sugarcane harvest stage (EST) 

v) Sugarcane variety (VAR) 

vi) Still age application (VIN) 

 

The best prediction was achieved with the model that incorporated the 

variables: i) PR; ii) TCHa; iii) NDVI; iv) EST2; v) EST3 vi) COT1. This model 

explained 65%  (R² = 0.65) of sugarcane yields variation. 

 

Michael (2003) proposed a technique based on two models for the purpose of 

yield estimation using previous year survey data, as well as utilizing spatial 

correlation among the surrounding counties, and it was a potential 

enhancement in the existing operational methodology of NASS. 

 

In the North Dakota County, comparison of the Stasny-Goel, Griffith and 

normal standard ratio was made applying simulated NASS survey data for 

barley and oats. A regression based technique for simulation was designed 

for this purpose. The developed estimators were evaluated with respect to 

variance, bias, outlier measures and mean square error. All the findings 

supported the Stasny-Goel technique in almost all cases. It all clearly 

indicated that ratio method is not better than the model-based techniques.  

 

Like studies will be conducted in 9 other geographically scattered states for a 

number of different crops, with the objective of lastly choosing one technique 

and implementing it for use in NASS’s county projection program. There is 

also a chance that a hybrid projection technique could be designed that 

merges favorable aspects of both Griffith and the Stasny-Goel techniques.  

The estimator comparisons will be performed for more than one survey cycle 

for every state in the target area. Adjustments for missing data and algorithm 
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convergence are the two main issues, which have not been covered in this 

paper and they might be explored in future research efforts. 

 

Westcott et al (2003) researched a piece of work titled as ‘Relationship 

between normalized corn yields and monthly rainfalls for the Midwestern 

United States’. The study examined the relationship between nine state 

county yields of corn and high resolution of 15 km distance multi-sensor 

estimates of rainfalls taking data from National Centers for Environmental 

Prediction (NCEP) and daily quality controlled National Weather Services 

(NWS) for the time period of 1997-1999 and 2001-2002. For the multi-sensor 

estimates collection, 30 radars and 800 gages were engaged in the analysis 

region. The corn yields from nine counties were obtained from United States 

National Agricultural Statistics Services and were normalized taking last 5 

years average yield. 

 

Table 2.3 bears Multiple Regression Correlation Coefficient (R), Coefficient of 

Determination (R²), Sample (N), and Standardized Regression Coefficients 

(B) for Standardized Corn Yield vs Monthly County Rainfalls Estimates; Multi-

Sensor Estimates (MSE) and QC_Coop estimate (QC) for the year 1997-

2002. 

Table 2.3: Multiple Regression Analysis for Corn Yield and Rainfalls 

 

The multiple regression correlation coefficient (R) is about 0.49 suggests that 

Multi-Sensor Estimates (MSE) is comparably better than QC estimates for 

prediction of corn yield.  

 

For better estimates of corn yield soil characteristics were incorporated in the 

multiple regression analysis by using only MSE method for rainfalls estimates. 

The new regression analysis revealed that the prediction quality of corn yield 

Summer 
Estimate

R R² N
May 

Rain B
July 

Rain B
Year

1997-02
MSE 0.49 0.24 3737 -0.21 0.41 0.12
QC 0.47 0.22 3471 -0.24 0.39 0.12

Normalized Corn Yield vs Rainfalls Estimates
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was improved resulting multiple regression coefficient (R) about to 0.54 for 

MSE and 0.52 for QC with coefficients of determination 0.28 and 0.27, 

respectively.  

 

Ren et al (2008) researched that the importance of crop yield prediction is 

mandatory in agricultural management, as well as, policy designing at both 

regional and national levels. The main aim of this research study was to check 

the feasibility of the technique, depending on projected crop yield, to predict 

crop production by using a MODIS-NDVI-based model on a regional level. In 

the paper, winter wheat was estimated in one of the major winter-wheat-

growing regions, Triticum Aestivum L., with a resolution of 250 m and by using 

MODIS-NDVI data.  

 

This study was conducted in Jining, Shandong Province. The Savitzky–Golay 

filter was implemented to smoothen the ten-day NDVI data in order to 

enhance the standard of remote sensing data and the precision of yield 

projection, especially to abolish the cloud-contaminated data and not normal 

data in the MODIS-NDVI series. The spatial accumulation of NDVI at the 

county level was applied to check its relationship with winter wheat yield in the 

study region.  

Table 2.4      Statistical relationship between spatial accumulation of 

NDVI and production of winter wheat 

Y x 10³ kg X (accumulation of NDVI) Models N (Samples) R² 

Production 
of winter 
wheat 

Accumulation of middle 
10-day of March 

y = 0.7119x + 28302 33 0.7192** 

Accumulation of last 10-
day of March 

y = 0.5703x + 20415 33 0.8575** 

Accumulation of first 10-
day of April 

y = 0.4599x + 20843 33 0.8754** 

Accumulation of middle 
10-day of April 

y = 0.4162x + 22242 33 0.8759** 

Accumulation of last 10-
day of April 

y = 0.4142x + 23774 33 0.8636** 

Accumulation of first 10-
day of May 

y = 0.419x + 28854 33 0.8160** 

Accumulation of middle 
10-day of May 

y = 0.4252x + 57980 33 0.6060** 

Accumulation of last 10-
day of May 

y = 0.4666x + 48058 33 0.6562** 
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Using a stepwise regression technique, a linear regression relationship was 

developed between the yield of winter wheat and the spatial accumulation of 

NDVI. The mean production was calculated from projected yield segregated 

on a county level by the acreage of winter wheat.  

 

Table 2.5    Validation results of winter wheat production and   yield in 

Jining 2005–2006 

County 
Avg. 
(ha) 

Year 2005 Year 2006 

Predicted 
Production 

(t) 

Predicted 
Yield 
(t/ha) 

Actual 
Yield 
(t/ha) 

Relative 
error 
(%) 

Predicted 
Production 

(t) 

Predicte
d Yield 
(t/ha) 

Actual 
Yield 
(t/ha) 

Relativ
e error 

(%) 

Liangshan 33,188 188,983.19 5.6943 5.8322 2.36 198,908.96 5.9934 5.7819 3.66 

Wenshang 27,239 167,967.78 6.1664 5.9597 3.47 153,444.10 5.6333 5.8562 3.81 

Sishui 8,080 37,573.31 4.6502 4.5873 1.37 37,603.51 4.6539 4.5350 2.62 

Qufu 15,817 97,288.76 6.1509 6.3831 3.64 97,359.96 6.1554 6.4515 4.59 

Yanzhou 22,502 160,170.12 7.1180 6.9429 2.52 157,180.97 6.9852 6.9039 1.18 

Jiaxiang 36,942 245,695.87 6.6509 6.4008 3.91 227,680.93 6.1632 6.4583 4.57 

Jining 26,907 180,933.21 6.7244 6.5753 2.27 163,621.47 6.0810 6.3023 3.51 

Zoucheng 26,524 151,498.06 5.7117 5.8844 2.93 153,737.08 5.7962 6.0219 3.75 

Weishan 21,040 122,286.41 5.8121 5.9853 2.89 127,988.42 6.0831 5.8547 3.9 

Jinxiang 3,814 23,456.50 6.1501 6.3078 2.50 25,643.24 6.7235 6.3788 5.4 

Yutai 13,104 81,632.04 6.2296 6.4286 3.10 80,658.40 6.1553 6.4533 4.62 

 
Eventually, the final findings were verified by the ground survey data and the 

error terms were compared with the corresponding errors of agro-climate 

models. The findings revealed that the relative errors of the projected 

production implementing MODIS-NDVI are with in the range of -4.62% and 

5.40% and the whole Root Mean Square Error (RMSE) was 214.16 kg/ha, 

which was lower than the RMSE (233.35 kg/ha) of agro-climate models in the 

study county. A good projected production data of winter wheat could be 

obtained almost 40 days prior to harvesting time i.e. at the booting-heading 

phase of winter wheat. The proposed technique in this paper was fine for 

projecting regional winter wheat yield and production estimation. 

 

2.1 Existing System of Crop Yield Estimation 

Each system has its own merits as well as demerits under the certain 

constraints and ground realities. Before any kind of the discussion of new 
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method, firstly the existing system of crop yield estimation in the country is 

discussed. Later on, some of its flaws will be discussed. 

 

An attached wing of Agriculture Department, Government of the Punjab, 

named as Crop Reporting Service (CRS) has been working on the said 

assignment since 1978, independently. The Agriculture Department, 

Government of the Punjab is working under the Ministry of Food & Agriculture 

(MINFA) Islamabad, Government of Pakistan.  

 

The wing, Crop Reporting Service, is responsible for acreage surveys 

(girdawari) and then yield estimation surveys for the both major crops (Wheat, 

Rice, Cotton and Maize) and minor crops (Pulses, Vegetables and Fruits etc.).  

 

For this purpose a random sample of 1240 villages (for Rabi season) had 

been selected in 2003 from the province Punjab by Federal Bureau of 

Statistics, Islamabad, giving weight to the acreage of wheat crop. The last 

random sample had 1010 villages and was selected in 1976. 

 

The province Punjab comprises 37 districts and each district consists of two to 

four ‘thesils’ depending on the area and population of the district. The 

department CRS has also divided the province into eight regions / divisions 

depending on the different variety of crops like cotton is cultivated in the mid 

and lower Punjab and Rice in the upper area of the Punjab.  

 

In each selected village, firstly two alternate acreage surveys are conducted in 

each sowing season (Rabi and Kharif) for the estimation of total sown area 

under a crop in the particular season. At the maturity of a crop, a yield 

estimation exercise is performed. This exercise varies from crop to crop 

depending on its nature of yield. Here we discuss the crop yield estimation 

exercise for wheat. 

 

In each sampled village, three fields of wheat are randomly selected using 

Fisher’s random numbers tables from the list or frame of all the fields of wheat 

of the village. This list is prepared using the information collected during the 
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acreage survey of Rabi’s crops. The size of fields varies from field to field. But 

the most of the field’s size is acre.  (1 acre = 198 x 220 sq.feet). 

 

In each selected field, two randomly selected plots of size 15 x 20 square feet 

are demarcated by applying a certain set of rules (South West, North West, 

North East and South East are assigned corner number 1, 2, 3, 4 of the field, 

respectively. Along the length / width of the field, length / width of the selected 

field are marked). Then the both plots are harvested and their yields are 

weighed, independently. In this way, two yield figures are attained from each 

field. Repeating the same exercise in all the three fields of the village, six yield 

values are obtained and an average of these six yield observations represents 

the average yield of wheat in that particular sample village. Then on the basis 

of average yields of all the sample villages of a ‘tehsil’, an average yield of the 

tehsil is calculated. The following hierarchy of levels is used to estimate the 

yield of the crop in the department: 

         

Villages  (sampled) 

         

        Tehsil Level 

                      

               District Level 

         

                      Divisional Level 

          

                                 Provincial Level 

 
Figure 2.1 Results Compilation Hierarchies of CRS 

 
 

By using the ratio method, per acre yield is estimated on each level. As the 

total cultivated area under the crop has been estimated during the acreage 

survey conducted at the start of the Rabi season, so the total projected yield 

of the crop in each level is calculated. Eventually it is compiled on the 

province level.    

 



 30

In each sample village, after the completion of yield estimation survey, a detail 

interview with owner / operator of each selected field is conducted by the 

surveyor (designated as Crop Reporter) and the following important variables 

are recorded which apparently have significant impact on the yield of the field; 

 

 

–Source of seed                         (local, government, other) 

–Quantity of seed                       (Kg / acre)          

–Sowing time                              (Early, Mid, Late)   

–Field humidity at sowing time    (Good, Fair, Bad) 

–Cultivation mode                       (Line, Broadcast) 

–Natural fertilizer used                (Yes, No)  

–DAP used                                  (Kg / Acre)   

–Urea used                                  (kg / Acre)                                                                   

–Other fertilizer                            (kg / Acre) 

–Nature of soil                             (sand, Silt, Clay)  

–Number of waters 

–Irrigated                                     (Yes / No)  

–Mode of irrigation                      (canal, tube well)   

–No of plough  

–No of drilling  

–Last crop in the field                  (name of crop)   

–Pesticide used on seed             (Yes / No) 

–Pesticide used on crop              (Yes / No) 

–No of pesticide used   

–Pesticide used on seed              (Yes / No) 

–Total rain during the crop           (mm) 

–Any irregular event                     (healing, flood, storm etc)  

                                                                  (Ref: form No 6, CRS, Agriculture Deptt. Punjab) 

 

These all the variables along with the yields of the harvested plots as well as 

area of the relevant fields are sent to the Head Quarter for on ward 

processing. But the main estimation is made on the basis of the yields of the 

plots rather than the usage of the above variables.  
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2.2  Flaws In The Existing System 

         Unlike the most of the modern countries, yield estimation of all the crops 

is conducted purely on the basis of ground information in Pakistan. As it has 

been discussed earlier that while estimating yield of a crop, remote sensing 

data techniques are used that is satellite’s images are incorporated with 

ground information and consequently more accurate, quick and precise 

estimates arte obtained. 

 

In Pakistan, facility of satellite information for the sake of crop yield estimation 

is so far not available. Though, a Federal government organization, 

SUPARCO, conducts different satellite based surveys but it is not regularly 

engaged in the said purpose. Hence, the Agriculture department has to totally 

rely on the ground information. 

 

Because of the total usage of ground information, error margin in the crop 

yield estimates is significantly high on the basis of the following reasons; 

 

 Physically, a plot of size 15 x 20 sq. feet is harvested and 

quantity of the yield is recorded, Then on the basis of average 

yield of six such randomly selected plots, total yield of the village 

is simply calculated by multiplying this average by the total 

acreage of the said crop in the village, ignoring the variation in 

the yields of six individual plots. 

 

 The department has to release ‘Second Estimate of Wheat’ 

bearing both information regarding cropped area and total yield 

of the province in the last week of March each year. Where 

harvesting of wheat in the province starts from the mid of April 

and continues till the mid of May, obviously projection of total 

yield before harvesting leads to the need of a scientific model 

based on the inputs used.  
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 Repeating the same procedure, average yield of all the sample 

villages of a tehsil is calculated and then total yield estimates of 

tehsil, district, division and ultimately the province are obtained 

in the same sequence. The error due to ignoring the factor of 

yield variation is accumulated on each level and ultimately it 

becomes significant.  

 

 As it has been discussed in the section 2.1, the above 

procedure is based on a sample of villages, which is almost 5% 

of the population of villages of the province and hence to 

estimate the total yield of the province, we have to know the 

total cultivated area under the crop in the province.  This prime 

information is taken from another Punjab Government’s 

department, “Revenue Department”, which is engaged in others 

multidimensional revenue oriented tasks and resultantly this 

issue receives less concentration.  

 The problem of total area under the crop can be resolved by 

taking an aerial photograph through a satellite and then its 

interpretation and translation. Otherwise, it is obviously 

impractical to know the accurate cultivated area of the crop by 

conducting ground survey in the huge province. 

 

 Importantly, along the harvesting of a plot, all the variables, 

mentioned in section 3.1, are recorded through a performa but 

are not incorporated in any model scientifically such that the 

model returns a yield estimate by combining the effects of all the 

variables.   

 

 Because of estimation of yield without any scientific model, the 

per unit change in the yield against one unit change in any 

concerned variable cannot be projected. For instance, the 

change in the yield cannot be predicted if in a particular season 

rainfall increases 5 mm on the average.  
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 The most of the farmers in the Punjab are illiterate and they are 

using very conventional agricultural procedures, having no 

confirmed inputs records of their crops, so they return very 

unreliable responses about their crops. We have to minimize the 

dependency of getting information from the farmers. A model-

based approach will help in this regard.    

 

These all-present flaws in the existing system are expected to be removed 

when projection of produce of a crop is based on some scientific approach i.e. 

based on a statistical model rather by a subjective approach.  An efficient 

prediction model can overcome these problems in a better way and can 

reduce their impact on the existing system. 

 

A sampling methodology, presented in Chapter No. 5, is also proposed to 

overcome these flaws by using Probability Proportional to Size Sampling 

technique, which will improve the sampling criteria of villages for agricultural 

survey purpose.   
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Chapter No. 3 
 
 

Methodology 

This chapter is broken up in to different sections bearing the details of the 

following, 

 All the methods to be used in the determination of weights to the 

amounts of rainfalls of all the Rabi months. 

 Need of Multiple Linear Regression Technique for wheat 

projection. 

 The entire Multiple Linear Regression Diagnostics to reach the 

final acceptable operational model for wheat projection. 

 Identification and labeling of all the surveyed variables affecting 

the produce of wheat. 

 Expected results of the study and available source of data.   

 

3.1  Proposed Methodology 

         As the prime objective of the study is to build a statistical model for the 

sake of projection of wheat crop using all above variables incorporated 

effectively in a model and importantly the variable, which is to be predicted is 

a continuous, so a detailed Multiple Regression technique will be used. As the 

data nature is cross sectional, not a longitudinal, so there is no discussion of 

Time Series Modeling as it is only based on previous obtained information 

and not on data that can be obtained regarding this year yield. As given in the 

Chapter Number 2, Singh (2004), Shah (1999). Verma et al (1988) and 

Westcott et al (2003) have conducted cross sectional studies using a current 

year data for the estimation of a crop.  

 

A new concept of weighted rainfalls would be implemented as the amounts of 

rainfalls of different months of Rabi season have different impact on the final 

yield of the crop. The impact of total rainfalls and weighted rainfalls would be 

assessed on the prediction quality of the yield of the crop by the model. If 

weighted rainfalls concept does not successfully implemented and does not 

improve the predictive performance of the model then amount of total rainfalls 
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of the season will be used as one of the predictor variables in the model. Also 

amount of individual rainfalls of each Rabi season will be used, as an 

independent explanatory variable and predictive behavior of the model will be 

analyzed. If one or more rainfalls of the season are verified insignificant in the 

model, it will not be logically true because amounts of rainfalls are 

indispensable for good / poor production of wheat.     

 

3.1.1  Multiple Linear Regression Analysis Technique 

As the response variable is continuous i.e. quantity of wheat yield in 

300 sq. ft plot, so Multiple Linear Regression is the best applicable model 

technique. Out of 41 explanatory variables, 15 are categorical. Therefore 

linearity check is not necessary in this case, Montgomery (2003)  

 

Among all the others explanatory variables some are continuous and some 

are categorical, hence categorical data analysis techniques will also be used 

in Multiple Linear Regression modeling.   

 

To test the significance different testing techniques like Chi Square, F Test, t 

test etc can be executed.  Therefore, the multiple regression model is 

suggested for testing / analyzing the significance of all the explanatory 

variables. The specified model for the said purpose is given below. 

Y = X + ε 

Where 

 
Y   = Dependent variable    

 =  Vector of the coefficients of the of independent  

          variables. 

  X  =  Vector of the explanatory variables 

  ε   = Error term 

and 

                                  YXXX  


1  

                                  


 YY  
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For testing the overall significance of the model, the F-test is used i.e. 

    

And for testing the individual parameters, the t-test is suggested i.e. 

     

And to observe how much variation is explained by the model with ‘k’ number 

of regressors, R2 (the coefficient of determination, a biased estimate of actual 

fraction of the variance) and adjusted R2 are used. Where as, 

    

and  

    

 

The role of R2 is very important in model building. For two competing models 

having same Mean Square Error (MSE), the model having bigger R2 value is 

preferred to other because it accounts for more variation in the response 

variable because of the regressors under discussion. Montgomery (2003) 

 

It would be critical to differentiate between ‘validity’ and value of R2. Validity of 

a measuring instrument (questionnaire) is a degree of authenticity of the 

measuring concept, i.e. the concept is being measured indeed not something 

else. Uma (2009). Where as value of R2 shows in percentage of explained 

variation in response variables by the predictors through a regression model 

under discussion. Validity of a measuring instrument remains same for the 

instrument but value of R2 changes from model to model.         

 

In case of large sample size ‘n’, the difference between R² and adj R² 

becomes negligible. As in the said case sample size is sufficiently large i.e. 

25036, so the difference between both measures would be ignorable or 

almost zero.           
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These all computations will be accomplished by using the SPSS (Statistical 

Package for Social Surveys) Version: 13.0, computer software. 

 

3.1.2  Diagnostics in  Multiple Linear Regression  

There are certain assumptions under which the technique of multiple 

linear regression analysis is valid. The diagnostics to be used are discussed 

one by one. 

 

(i) Constant Variance 

In Multiple Linear Regression, an important assumption is that the 

response variable must have a constant variation. For this purpose a 

scattered diagram will be used. If it appears in a rectangular form that shows 

that the variable has a constant variance, otherwise different transformations 

are used to make the variance constant. 

 

(ii) Outliers  

  Outliers are the values, which disturb the predictive performance of the 

whole model and it is starched on any one of the sides of the distribution. 

Removal of outliers is essential to enhance the quality of prediction by the 

model. For this purpose, technique of values beyond ± 3 S.D of standardized 

residuals will be used, Montgomery (2003).  

 

(iii) Influential / Leverage Values 

An influential or leverage value may have a great impact on the overall 

quality of prediction by the model. Also illogical signs of coefficients of 

predictor’s variables, which cannot be interpreted with reference to the real 

ground situation, unsustainable coefficients and dropping an important 

variable being statistically insignificant, are all due to the influential values. 

 

Accounting for the importance of influential values, two techniques Cook’s 

Distance and Covariance Ratios will be used. 
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Where p stands for the number of column vectors in the matrix X. 

The value of  iCovratio beyond 1±3p/n is considered as an influential value. 

 

(iv) Multicollinearity 

A problem likely to rise while developing a statistical model is the 

‘Multicolinearity’ i.e. interdependence among the explanatory variables. All the 

statistical results like Mean Square Error, Hypotheses Testing, Goodness of 

Fit and Adequacy of Model etc are disturbed and give illogical results unless 

Multicolinearity is removed in the explanatory variables. For this purpose 

different techniques for it’s checking will be used like Variation Inflation Factor 

(VIF). 

)1(
1

2
j

i R
VIF


  

Where 2
jR  is the coefficient of multiple determination obtained from regressing 

jx  on the other regressor variables.  

 

(v) Normality of Error Terms 

One of the main assumptions in Multiple Linear Regression is that error 

terms must be normally distributed. As the sample size is sufficiently large i.e. 

25036, so diagrammatical presentation of standardized residuals would be the 

best to assess the normal trend of error terms. For large sample it is mostly 

used, Montgomery (2003). 

 

Although, a significant test named as Kolmogrov-Smirnov test for normality is 

available, but it is a non-parametric test, which is not preferred for known 

normal population, Gujarati (2003).  
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There are four factors that affect the variance of the estimate of any 

regression coefficient. These include sample size, the variance of error, the 

variance of the predictor and VIF. The variance of error is dependent on 

variables that are related to the response but not included in the model. The 

variance of predictor is a key since a predictor may have a little variance in 

the sample. 

 

(vi) Competing Models Choice 

As discussed in the Section 1.4, different models on different levels 

using total, weighted and individual rainfalls have to develop, so for the 

comparison of competing models, the criteria of R², Mean Square Error 

(MSE), nature of insignificant variables (a subjective approach), Akaike 

Information Criteria (AIC) and Schwarz Information Criteria (SIC) will be used. 

As the main objective of the study is to develop a general wheat model for 

yield projection, so both information criteria AIC and SIC are useful for in-

sample and out-sample predictions. Model with lesser value is preferred in 

competing models. Both criteria impose harsher penalty on number of 

regressor variables, Gujarati (2003)  
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Where k and n stand for number of regressor variables and sample size, 

respectively. 

 

The existing system of crop yield estimation in the Punjab is being executed 

on different levels of the province as mentioned in the Figure 3.1. Hence it is 

proposed that for divisional level, different models have to be developed and 

ultimately on the province level, a final model incorporating impact of all the 

previous level models will be developed. The distribution of districts & 

divisions in the Punjab, as on July1, 2009, is given in Table 1.4. 



 40

To reach the best final acceptable model, a series of models has to be 

developed by using Forward Selection / Backward Elimination and step-wise 

techniques. Also on the basis of the behavior of the data, piece wise 

regression technique can be implemented. 

 

The utility of the model on each level is measured with the estimates of the 

crop obtained from the currently running system. 

 

3.2  Classification / Regression Trees 

 It is an other approach for the prediction of a response variable when 

the condition of normality is not mandatory on the response variable. It is a 

non-parametric approach that recursively splits groups into smaller subgroups 

that maximum differ on a desired result, Breiman et al (1984).    

 

In case of categorical response variable, it is known as ‘Classification Trees’ 

and when response variable is continuous, it is titled as ‘Regression Trees’ 

and the technique is abbreviated as C&RT (Classification & Regression 

Trees).  

 

A regression tree has a network of nodes. A parent node has two child nodes 

and so on and in this way a sequence of nodes constitutes a tree of 

Regression Tree, Breiman et al (1984). 

 

As the response variable (wheat yield) in the study is continuous, sufficiently 

fulfils all the requirement of normality and all the Multiple Linear Regression’s 

diagnostics support it so parametric approach (MLR) is preferred to non-

parametric approach (C&RT), hence it has not been discussed in this study.   

  

3.3  Variables Affecting Yield of Wheat Crop 

From time to time, various meetings of agricultural experts have been 

conducted to finalize the variables affecting the yield of wheat crop. The 

following Table 3.1 contains all the final acceptable and measurable variables 
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affecting the yield of wheat with their types and details of dummy variables (in 

case of categorical variables), which will be used in the final analysis.    

 

Referring Table 3.1, the response variable is continuous quantity measured in 

Kg (the most important parameter in wheat production is its weight, not 

volume, color, taste, nutritious, shelf life or any thing else), variables related to 

rainfalls, humidity levels and average maximum and minimum temperatures 

are quantity and rests of all the variables are categorical and the coding of 

such variables is mentioned in Table 3.1.  

 
Table 3.1:Details of Variables Involved in the Model along with their 

                     Categories, Coding and Measuring Scales 

No. Variables 
Measurement 
(Scale/Code) 

(Response variable) 
 Wt_Yield 300 Sqft (Kg) 

 (Explanatory Variables) 
 
1 

 
Sowing_Time 

(Using dummy variables DT1, DT2, DT3, DT4, 
DT5) Ref period”before Oct31.  

0: before Oct 31; all DTs=0 
1: Nov 1 -Nov 15;      DT1=1 
2: Nov16-Nov 30;      DT2=1 
3: Dec 1 -Dec 15;      DT3=1 

                   4: Dec16-Dec 31;      DT4=1    

2 Wheat_Type 
                0: Inqlab-91 
                1: Others         

3 Seed_From 
                0: Own 
                1: Certified 

4 Sowing_Mtd 
                0: Broadcast 
                1: Line 

5 Disease 
                0: No 
                1: Yes 

6 Pest_Crop 
                0: No 
                1: Yes 

7 Irigi_Mode 
                0: Irrigated 
                1: Unirrigated 

8 No_Water 
                0: No water 
                1: One water  & so on 

9 No_Plough 
                0: No plough 
                1: One plough  & so on 

10 No_Levels 
                0: No level 
                1: One level  & so on 

11 Qty_Seed                     kg/acre 
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12 Urea                     kg/acre 

13 DAP                     kg/acre 

14 Temp_Oct_Max                         °C 

15 Temp_Oct_Min                         °C 

16 Humidty_Oct                          %age 

17 Temp_Nov_Max                          °C 

18 Temp_Nov_Min                          °C 

19 Humidty_Nov                           %age 

20 Temp_Dec_Max                          °C 

21 Temp_Dec_Min                          °C 

22 Humidty_Dec                           %age 

23 Temp_Jan_Max                           °C 

24 Temp_Jan_Min                           °C 

25 Humidty_Jan                             %age 

26 Temp_Feb_Max                            °C 

27 Temp_Feb_Min                            °C 

28 Humidty_Feb                             %age 

29 Temp_Mar_Max                            °C 

30 Temp_Mar_Min                            °C 

31 Humidty_Mar                             %age 

32 Temp_Apr_Max                            °C 

33 Temp_Apr_Min                            °C 

34 Humidty_Apr                              %age 

35 Rain_Oct                              Mm 

36 Rain_Nov                              Mm 

37 Rain_Dec                              Mm 

38 Rain_Jan                              Mm 

39 Rain_Feb                              Mm 

40 Rain_Mar                              Mm 

41 Rain_Apr                              Mm 
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3.4  Expected Results 

It is expected that various statistical models on each level as 

mentioned in Figure 3.1 have to be developed. The concept of individual, total 

and weighted rainfalls will be implemented on each level modeling and 

obviously the best one will be selected for operational use.  

 

A detailed descriptive study of all the parameters of wheat would be helpful in 

making different recommendations to farmers regarding the various inputs of 

the crop for betterment in the production of wheat. 

 

A statistical modeling of a crop and its detailed study is almost an 

unprecedented effort in Pakistan, especially in the Punjab. By using the 

model, one would be able to establish the relationship between different 

variables of the study and answer the following such questions; 

 By what percent humidity has impact over the yield of 

wheat? 

 Impact of amount of rainfalls of different months of Rabi 

season on the final yield of wheat. 

 Change in the yield against different combinations of 

fertilizers (Urea & DAP). 

 What is the change in the yield by switching between 

Early, Mid and Late sown etc. 

 
3.5  Source of Data 

         An accurate data collection is the most rigorous and significant step in 

any applied research because the whole authenticity of the results is the 

function of accurate availability of the data.  

 

For this particular study, a secondary data will be used taking from an 

attached wing of Agriculture Department, Government of the Punjab,  “Crop 

Reporting Service”, (CRS).  

 

The required data is not completely available in soft form, as it is desired for 

this research work. So data has to be fed manually in proper segregation of all 
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the concerned variables. For this purpose wheat yield estimation data from 

2005-06 to 2008-09 will be taken from CRS and meteorological data will be 

taken from Meteorological Department, Government of Pakistan with the 

collaboration of an other wing of Agriculture Department, Government of 

Punjab: Extension wing. It is expected that almost 1.2 million data values will 

be fed for the purpose of model building study.     

 

The wing CRS, the largest Statistical organization of the Punjab, is 

responsible for handling of all kinds of agriculture statistics of the province 

based on a sample data. It has a compact agricultural database of the 

province year – wise, season – wise, crop – wise and region / district/ tehsil – 

wise etc. which can be utilized for any kind of research work.  

 

For the execution of the concept of weighted rainfalls, data of daily rainfalls 

from 2000-01 to 2006-07 from the seven observatories of Meteorological 

Department, Government of Pakistan, situated all over the Punjab and wheat 

data of respective district of observatory from CRS will be incorporated.  

 

Also Ministry of Food, Agriculture (MINFA), Islamabad has a complete record 

of Pakistan’s Agriculture Statistics from 1947 to till time (2010), extremely well 

organized in six editions in form of hard, as well as, soft copies.    
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Chapter No. 4 
 

Data Analysis and Results Interpretation 
 
 The chapter of Data Analysis and Results Interpretation is distributed 

into four sections as follows: 

i) A development of weighted rainfall methodology and its 

empirical study to assess the utility of the proposed weights to 

the rainfalls of various months of Rabi season are discussed 

in the Section 4.1. 

ii) A detailed descriptive Study of wheat in the province taking 

different dimensions of all the concerned variables 

independently and also by making interactions of allied 

variables involved in the study are discussed in Section 4.2. 

iii) Section 4.3 includes a study of model building for the yield 

estimation of wheat incorporating independent rainfalls of 

each Rabi month, total rainfall and weighted rainfall of the 

season and selection of final acceptable model for operational 

use out of all the proposed models 

iv) Different validity issues have been discussed in the Section 

4.4 of the chapter on the final selected model. Predictive 

performance of the developed model has been assessed by 

using in-sample and out-sample data. 

They are discussed one by one as below. 

 

4.1 Weighted Rainfalls Methodology 

 In this section, a new methodology regarding the assignments of 

weights to the rainfalls of different months of Rabi season has been proposed 

as the quantity of rainfalls in each month of the season does not has fixed 

impact on the production of wheat. 

 

The yield of the crop is highly influenced by the timely rainfalls during the Rabi 

season. In the major area of the province, sowing of wheat is started from the 

mid of October up to maximum late December depending on the availability of 
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rainfall. First at the sowing time, a light rainfall is essential for the moisture in 

the soil, secondly at the tillerring stage and thirdly at the time of development 

of grain. 

 

There are two major classifications of the area in the Punjab: irrigated and 

Barani (un-irrigated) areas. In irrigated area, there is availability of canal as 

well as tube-well water, so farmers are comparatively less dependent on the 

rainfalls. But in case of Barani areas, crops are totally dependent on timely 

rainfalls as there is no availability of any other source of water. The most of 

the upper Punjab area is hilly and Barani. 

 

Each Division of the Punjab comprises three to six districts having 

meteorologically identical state. The name of District-Headquarter of a 

Division is same as the Division. 

 

4.1.1 A Proposed Methodology 

For the determination of weights to rainfalls, a data of rainfalls from 

2000-01 to 2006-07 at seven observatories of Meteorological Department 

located in Jhelam, Sialkot, Lahore, Sarrodha, Faislabad, Multan and 

Bahawalpur districts of Punjab have been collected. These seven 

observatories, scattered throughout the province, accommodate the whole 

meteorological position of the Punjab. 

 

Table 4.1: Total Rainfalls (mm) in the months recorded at 7                
observatories of Metrological Dep’t in the Punjab from 2000-
01 to 2006-07. 

 

 

M onths M ean S.D
O ct 11.204 21.427
N ov 4.042 10.109
D ec 6.400 10.483
Jan 26.646 35.185
Feb 32.179 47.758
M ar 25.271 24.205
A pr 13.808 13.931
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In Table 4.1, along with the rainfalls data, wheat yield data of the respective 

districts for the year 2000-01 to 2006-07 also have been collected and it is 

observed that as the rainfalls in the important months of Rabi season 

increase, the average yield of wheat also increases. But at a certain level, 

excess rainfalls cause the decline in the yield as shown in the Figure 4.1 

because the crop needs water at a certain level: 

 

 

 
 
 
 
 
 
 
 
 
          Figure 4.1: Standardized Rainfalls of October / February and Wheat Yield 
 

 

It is also evident from the Figure 4.1 that the relationship between average 

yield of wheat and rainfalls is quadratic rather linear. 

 

Table 4.2 shows a comparison between fitting of linear and quadratic models 

between average yield of the district and the total rainfall (mm) for each Rabi 

season. 

 

Table 4.2: Linear & Quadratic models between ‘Total Rainfalls’   
(Explanatory variable) & ‘Total Yield’ of District (Response 
Variable) from 2000 to 2006 in the Punjab. 
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R² F Sig R² F Sig
Oct 0.260 7.748 0.011 0.614 16.700 0.000
Nov 0.235 6.769 0.016 0.378 6.372 0.007
Dec 0.055 1.284 0.269 0.301 4.522 0.023
Jan 0.625 36.720 0.000 0.668 21.155 0.000
Feb 0.120 3.014 0.097 0.292 4.325 0.027
Mar 0.084 2.016 0.170 0.084 0.967 0.397
Apr 0.154 3.990 0.058 0.155 1.930 0.170

Linear QuadraticMonths
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The results given in Table 4.2 show that quadratic model explained more 

variation in the total yield of wheat as compared to the linear models (though 

quadratic model having linear term does not have less value of R² as 

compared to corresponding value of R² of linear model) except the month of 

March. In case of quadratic, the values of R² are more than linear case 

(except Mar and Apr where values of R² are almost equal) as well as with 

significant p-values.     

        

It is also evident from the results, as discussed earlier, that rainfalls of 

October, November and January are explaining more variation in the yield as 

per maturity levels of the crop. But at the start of March, the crop is in such 

maturity level where rainfall has less impact on the yield. Resultantly R² of 

March and April is minimum.  

         

The following empirical study has been conducted taking the value of R² of 

the respective month of the Rabi season as the weight to the rainfall of the 

month and weighted rainfall of a particular month is calculated as, 

 Weighted Rainfall = Actual Rainfall x Weight 

Where 

 Weight = value of R² of the month 

 

4.1.2 Empirical Study 

 

         Meteorological status of eight divisions of the Punjab is different, 

especially in case of plain and hilly Punjab. For empirical study, two divisions, 

namely Gujranwala from plain and Rawalpindi from hilly Punjab have been 

selected. The yield of a crop in Pakistan is mostly measured in mund (I mund 

= 37.3242kg) and the area of a crop in acre (I acre = 198 x 220 sq.ft).    

 

(a) Gujranwala Division 

         Gujranwala Division is the biggest division (with respect to number of 

districts) of the Punjab comprising six districts named as Gujranwala, M.B.Din, 

Gujrat, Hafizabad, Sialkot and Narowal. For the study, secondary data of yield 
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of wheat for the Rabi season 2007-08 from Agriculture Department, 

Government of the Punjab and rainfall data from Meteorological Department, 

Government of Pakistan, have been taken. Data of wheat yield from 1050 

randomly selected plots of size (15 x 20) sq. ft from a randomly selected 

sample of 175 villages, covering the whole Division, has been used. In each 

village 6 randomly selected plots are harvested to project the average yield of 

the village. 

Table 4.3 shows the average yield of wheat and total rainfalls in the 

respective Districts of the Division during the whole Rabi season 2007-08. 

 
Table 4.3: Total Rainfall & Average Yield of the Districts of Gujranwala 

                    Division for the Rabi season 2007-08 

 

As shown in Table 4.3 that coefficient of simple correlation between Average 

Yield and Total Rainfall is +0.346 and Rank coefficient of correlation is 

+0.143. From Table 4.3, it can be observed that the maximum rainfall is in 

District M.B.Din but maximum average yield is in Sialkot. Second lowest 

rainfall is in Hafizabad but having second highest average yield. It all depends 

upon the timely rainfall, not on the quantum of rainfall.   

 

Table 4.4 shows the distribution of total rainfall according to the months of 

Rabi season 2007-08 

Table 4.4:    Monthly Total Rainfall of the Districts of Gujranwala Division 
for the Rabi season 2007-08 

  

Districts
Total 
Rainfall 
(mm)

Average 
Yield 
(m/ac)

Gujranwala 108 32.52
Gujrat 39 21.38
Sialkot 119 27.30
Narowal 114 21.38
Hafizabad 83 30.20
MBDin 176 28.21

Districts Oct Nov Dec Jan Feb Mar Apr Total
Gujranwala 0 6 0 54 5 0 43 108
Gujrat 0 0 0 27 0 0 12 39
Sialkot 0 0 6 71 9 0 33 119
Narowal 0 0 3 52 10 0 49 114
Hafizabad 0 0 0 40 9 0 34 83
MBDin 0 0 0 33 20 0 123 176

Actual    Ranifalls (mm)
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It can be observed from the results given in Table 4.4 that in the district 

M.B.Din, contribution of April’s rainfall is 70% in the total rainfall of Rabi 

season. But in April, wheat crop is in its final maturity level and hence needs 

no rainfall.   

To incorporate the importance of rainfall of a particular month, the values of 

R² given in Table 4.5 from the quadratic models are used as weights for the 

rainfall of the month,  

Table 4.5: Months & their Weights for Wheat Crop in the Punjab 

 

Table 4.6 shows the weighted rainfalls of all the Rabi months in 2007-08 in 

Gujranwala Division. 

 

Table 4.6: Rabi Months 2007-08 & their Weighted Rainfalls for  

                           Gujranwala Division 

 

Now the simple and rank coefficients of correlation between average yield and 

weighted rainfalls are +0.404 and +0.430, respectively, which are better than 

the coefficients between average yield and actual rainfalls.  

 

To check the real impact of weighted rainfalls, a case of Barani area of 

Gujranwala Division is discussed.  

 

M o n th s W e ig h ts
O c to b e r 0 .6 1 4
N o ve m b e r 0 .3 7 8
D e c e m b e r 0 .3 0 1
J a n u a ry 0 .6 6 8
F e b ru a ry 0 .2 9 2
M a rc h 0 .0 8 4
A p r il 0 .1 5 5

Districts Oct Nov Dec Jan Feb Mar Apr Total
Gujranwala 0.000 3.684 0.000 36.072 1.460 0.000 6.665 47.881
Gujrat 0.000 0.000 0.000 18.036 0.000 0.000 1.860 19.896
Sialkot 0.000 0.000 1.806 47.428 2.628 0.000 5.115 56.977
Narowal 0.000 0.000 0.903 34.736 2.920 0.000 7.595 46.154
Hafizabad 0.000 0.000 0.000 26.720 2.628 0.000 5.270 34.618
MBDin 0.000 0.000 0.000 22.044 5.840 0.000 19.065 46.949

Weighted    Ranifalls 
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Out of six districts of the Division, two districts, Gujranwala and M.B.Din, are 

totally irrigated. But other four districts are partially irrigated as well as Barani. 

Table 4.7 shows average yield of wheat of Barani area of the Division and 

actual rainfalls. 

 

Table 4.7: Average Yield, Total & Weighted Rainfalls of Barani Area of  

                    Gujranwala Division for Rabi Season 2007-08 

 

As shown in Table 4.7, the simple coefficient of correlation between actual 

rainfalls and average yield is +0.813. The simple and rank coefficients of 

correlation between weighted rainfalls and average yield are +0.912 and 

+0.800 respectively. It shows a significant association between Weighted 

Rainfalls and Average Yield.   

 

(b)  Rawalpindi Division 

         Rawalpindi Division is situated near capital of the country, Islamabad. It 

is a complete Barani and hilly area because surface of the underwater is 

considerably low, so there is no availability of tube-well as well as canal water 

throughout the Division. Agricultural activities of the Division are totally 

dependent on timely rainfalls. There are four Districts namely Rawalpindi, 

Jhelum, Chakwal and Attock, in the Division. Because of complete Barani 

division, average yield of wheat is minimum in the Punjab.  

 

A secondary data of wheat yield from 522 randomly selected plots of size (15 

x 20) sq. ft from a randomly selected sample of 87 villages, covering the 

whole division, has been used.  

 

Districts
Total 
Rainfall 
(mm)

Weighted 
Rainfall

Average 
Yield 
(m/ac)

Gujrat 39 19.896 9.87
Sialkot 119 56.977 22.47
Narowal 114 46.154 16.74
Hafizabad 83 34.618 9.44
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Table 4.8 shows actual rainfalls of the Rabi months and average wheat yield 

of each district. The simple and rank coefficients of correlation between 

average yield and actual rainfalls are +0.723 and +0.800, respectively. 

 

Table 4.8:    Districts Average Yield & Total Monthly Rainfalls For Rabi                

                     Season 2007-08 in the Rawalpindi Division 

Total Actual Rainfalls (m.m) 

Districts Oct Nov Dec Jan Feb Mar Apr
Total 

Rainfalls 

Avg. 
Yield 

 (m/ac) 

Rawalpindi 0.0 13.0 0.0 107.0 41.0 16.0 98.0 275.0 4.48 

Jhelam 0.0 5.0 0.0 57.0 16.0 12.0 114.0 204.0 3.36 

Chakwal 0.0 5.0 0.0 38.0 15.0 11.0 58.0 127.0 3.18 

Attock 0.0 27.0 0.0 32.0 28.0 10.0 136.0 233.0 3.20 

 

Referring Table 4.8, The third highest rainfall is of district Jhelam but has 

second highest average yield. Similarly the district Attock has second highest 

rainfall but third highest average yield. The reason is that in the important 

month of Rabi season, January, there is 57 mm rainfall in Jhelam as 

compared to 32 mm of rainfall in Attock. Now implementing the weighted 

methodology for rainfalls, Table 4.9 is obtained, 

 

Table 4.9:   Districts Average Yield & Weighted Monthly Rainfalls for   

                    Rabi Season 2007-08 in the Rawalpindi Division 

Weighted Rainfalls 

Districts Oct Nov Dec J.an Feb Mar Apr 
Total  

Weighted  
Rainfalls 

Avg. 
Yield 

 (m/ac)

R.Pindi 0.000 4.914 0.000 71.476 11.972 1.344 15.190 104.896 4.48 

Jhelam 0.000 1.890 0.000 38.076 4.672 1.008 17.670 63.316 3.36 

Chakwal 0.000 1.890 0.000 25.384 4.380 0.924 9.000 41.578 3.18 

Attock 0.000 10.206 0.000 21.376 8.176 0.840 21.080 61.678 3.20 

 

The simple and rank coefficients of correlation between average yield and 

weighted rainfalls are +0.951 and +1.000, respectively. Now the situation is 
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quite different. All the average yields are according the quantities of weighted 

rainfalls. The coefficient of simple correlation is also high. 

 

(c)    Punjab Level Results 

Referring Table 4.22, Number of Waters & Rainfalls, according to the 

Punjab climate, 3 waters are essential to wheat crop throughout the Rabi 

season. In irrigated area farmers are comparatively less dependent upon 

rainfalls as they have other sources of watering. However number of waters is 

totally dependent on the timely rainfalls. In case of timely rainfalls, cost of 

watering is saved and the crop receives rather better natural water. But in 

case of no, less or out time rainfalls, farmers have to increase the number of 

waters to keep the crop germination momentum. It indicates an existence of 

association between number of waters and rainfalls. 

 

Table 4.22 shows a –0.482 rank correlation between Number of water and 

Actual Rainfalls. Where as rank correlation between Number of water and 

Weighted Rainfalls is –0.649. It depicts a strong association between the 

concerned variables and utility of weighted rainfall methodology. 

 

Referring Table 4.23, The Season Rainfalls & Districts Yield, the rank 

correlations between Yield & Actual Rainfalls of 35 Districts of the province, 

including both irrigated and un-irrigated areas, are 0.19 & 0.20 where as 

between Yield & Weighted Rainfalls are 0.538 & 0.649 respectively. It is a 

considerable increase in the association. 

 

By implementing the same technique for different crops of Rabi and Kharif 

seasons, weighted rainfall patterns can be determined for each crop. 
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4.2 Descriptive Study of Wheat in the Punjab 

As discussed in Section 3.4, a secondary data from the Crop Reporting 

Service (CRS), an attached wing of Agriculture Department, Government of 

the Punjab, responsible for handling of all kinds of Agricultural Statistics in the 

Punjab, has been used in the study.  

 

The data of wheat production in the year 2005-06 to 2008-09 of 1086 

randomly selected villages have been taken from the province comprising 8 

Division, 35 Districts and 113 Tehsils. 

 

From each sample village, six randomly selected plots of 15x20 sq ft from 

three randomly selected fields of wheat have been harvested. Yield of each 

plot along with all the 45 variables impacting the yield, discussed in the 

Section 3.2, have been recorded. A total data of 25036 plots all over the 

Punjab have been used in the study. Here the different dimensions of 

descriptive study are discussed. 

 

4.2.1 Reliability Analysis 

 The reliability shows degree of relevance and consistency of 

measuring instruments (explanatory variables) across time and various items 

in the instruments with reference to the measure of response variable, Uma 

(2009).  

Table 4.10: Reliability Statistics of Measuring Instrument on  
                          Provincial & Divisional Levels 

 

Divisions
Cronbach's 

Alph 
(Stand)

No. of 

Items

No. of 
Sample 
Points

Lahore 0.740 38 2988
Gujranwala 0.515 38 4120
Rawalpindi 0.735 37 2016
Faislabad 0.527 37 2832
Sargodha 0.540 38 3090
Multan 0.546 37 4794
Bahwalpur 0.786 37 2622
D.G.Khan 0.355 38 2574
PUNJAB 0.758 38 25036

Reliability Statistics
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Table 4.10 shows Reliability Statistics of the data on Punjab as well as on all 

the divisional levels of the province.   

 

On Punjab level, the overall reliability of 25036 cases is 75.8% on account of 

38 number of items, which is very good degree of reliability. The degree of 

reliability varies from division to division, which is the highest in case of 

Bahawalpur division i.e. 78.6% and minimum against D.G.Khan division i.e. 

35.5%, which is due to degree of variation in the regressor variables. 

Reliability decreases as variation decreases and vice versa. In D.G.Khan 

division, Rabi season temperature, humidity and rainfalls remain almost 

consistent in all the concerned Districts, that’s why it has minimum degree of 

reliability contrary to the Bahawalpur division having high variation in the 

regressor variables. The variables having less variation can be removed to 

increase the degree of reliability. 

 

4.2.2 Normality Analysis 

For the most of Statistical applications, normality in the data is pre-

requisite. As the size of the data is sufficiently large i.e. it contains 25036 

sample points (Central Limit Theorem also supports normality in case of large 

sample size); so graphical checking of normality has been done. The Figure 

4.2 and Figure 4.3 show Histograms and P-P plots of wheat production in 

Punjab and in each division of the province, respectively.  

 

Referring Figure 4.3, all the Histograms and P-P plots show that yield of 

wheat in Punjab, as well as, in each divisional level is almost normally 

distributed as depicted in the Figure 4.2 and Figure 4.3, i.e. there is no issue 

of abnormality of response variable in the data. 

 

Histogram and P-P plot of Rawalpindi division show a little bit deviation from 

normality, as compared to the other divisions because the division comprises 

four districts, Rawalpindi, Attock, Jhelum and Chakwal, of which only one 

district Chakwal is irrigated and others three are totally un-irrigated. There is a 
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massive difference between the production of irrigated & un-irrigated areas, 

that’s why the yield of the division is not normal. 

 
However normality is not as critical to most of such situation because non-

normality in such cases is also indicative and reflects some special behavior / 

conditionality of the data.    

 
 
 
 
 



 57

Figure 4.2 Histograms of Wheat Production 
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Figure 4.3 P-P Plots of Wheat Production 
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But on the whole Punjab’s level both Histogram and P-P plot show normality 

in the data, which accommodates the minor abnormality of Rawalpindi 

division. Also descriptive and model building studies are on the Punjab level.    

 

4.2.3 Basic Statistics of Wheat in the Punjab 

The Punjab as well as eight divisional basic statistics of wheat is given 

below, 

 
Table 4.11: Basic Descriptive Measures of Wheat in Punjab 

 
  

Table 4.11 shows Punjab, as well as, eight divisional basic statistics of wheat. 

Multan division is on the top with 34.15 m/ac yield and Rawalpindi division is 

at the bottom with 18.42 m/ac as it is an un-irrigated area. Rawalpindi division 

has shown the most variant production where as Multan division is production 

wise maximum consistent, as it has minimum 31% variation in yield. Overall 

variation in wheat production in the Punjab is 37%.  

 

The highest production of the province comes from Lahore i.e. 76.32 m/ac, 

where as the least production is from Gujranwala division i.e. 3 kg/ac. 

 

Overall on the province level, skewness of production is -0.029, which depicts 

almost a normal trend. Except one division, Rawalpindi, all the divisions show 

normality in production of wheat. Values of skewness on provincial and 

divisional levels also support the normality issues discussed in the Section 

4.2.2. 

Divisions
No. of 

Sample 
Points

Average 
Yield 

(m/ac)

S.D   

(m)

C.V 

(%)

Min.  
Yield 
(m)

Max.  
Yield  
(m)

Skew

Lahore 2988 33.99 10.84 32 0.78 76.32 -0.092
Gujranwala 4120 29.86 10.78 36 0.08 63.60 -0.275
Rawalpindi 2016 18.42 9.36 51 0.18 57.49 0.940
Faislabad 2832 33.08 10.46 32 0.39 70.21 -0.037
Sargodha 3090 25.57 10.23 40 0.53 65.16 0.066
Multan 4794 34.15 10.62 31 0.39 71.58 -0.035
Bahawalpur 2622 31.44 10.43 33 0.68 63.69 -0.070
D.G.Khan 2574 29.98 10.19 34 0.89 75.35 0.163
PUNJAB 25036 30.27 11.35 37 0.08 76.32 -0.029

Provincial / Divisional Yield of Wheat in Punjab
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4.2.4 Production of Irrigated and Un-irrigated Areas 

 As it has been discussed that there are two major classifications of 

Punjab areas: irrigated and un-irrigated. Because both have significant 

difference of production of wheat so they have been independently described. 

 
Table 4.12: Comparison of Wheat Yield for Irrigated / Un-irrigated                
                    Areas of Punjab 

 

Where 

Impact on Yield (%) = (│Avg. yield of unirrigated area – Avg. yield of irrigated  

                                        area│) x 100 ÷ (Avg. yield of unirrigated area) 

 

Table 4.12 shows, 90% of the province area is irrigated because of availability 

of canal water (Pakistan has the largest network of canal system in the world), 

tube-well, well and other sources of water, where as only 10% of total area, 

mostly upper Punjab comprising Rawalpindi division and a little part of 

Gujranwala & Sargodha Divisions, is un-irrigated. 

 

As it is shown in Table 4.12, average production of irrigated area is 93% more 

than the average production of un-irrigated area. Also production of irrigated 

area is more consistent to un-irrigated area i.e. 33% as compared to 53% 

respectively. On divisional level, irrigated area of Sargodha division has 165% 

more average yield of wheat as compared to average yield of its un-irrigated 

area.     

 

Sample 

Points

%age 

Share

Avg 

Yield 

(m/ac)

S.D   

(m)

C.V 

(%)

Sample 

Points

%age 

Share

Avg 

Yield 

(m/ac)

S.D  

(m)

C.V  

(%)
Lahore 2988 100 33.99 10.84 32 - - - - - -
Gujranwala 3756 91 31.10 10.02 32 364 9 17.00 9.86 58 +82
Rawalpindi 184 9 30.12 9.55 32 1832 91 17.25 8.50 49 +75
Faislabad 2832 100 33.08 10.46 32 - - - - - -
Sargodha 2698 87 27.77 8.89 32 392 13 10.46 4.38 42 +165
Multan 4794 100 34.15 10.62 31 - - - - - -
Bahawalpur 2622 100 31.44 10.43 33 - - - - - -
D.G.Khan 2562 99 30.04 10.16 34 12 1 16.83 5.13 30 +78
PUNJAB 22436 90 31.90 10.46 33 2600 10 16.19 8.56 53 +93

Irrigation Mode

Divisions

Irrigated Unirrigated Impact 

on 

Yield   

(%)
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4.2.5 Source of Seed & Wheat Production 

 In the Punjab, there are two types of source of seeds; one of theme is 

own home seed and second one is the certified seed. Along the private 

sector, one public sector organization, Punjab Seed Corporation (PSC) is 

responsible for the provision of certified seed of all the crops to the farmers of 

the province. 

Table 4.13: Comparison of Wheat Yield for Own / Certified Seed in  
                     the Punjab 

 
As given in Table 4.13, 83% farmers use own home seed and 17% use 

certified seed. In most of the agricultural countries, proportion of usage of 

certified seed is not more than 30%. 

 

The average yield of wheat using certified seed is 11% more than the other 

category and also more consistent as compared to own home seed i.e. 35% 

as compared to 38% variation in the yield, respectively. The maximum usage 

of certified seed is in Multan i.e. 27% and maximum impact on yield is in 

Rawalpindi division i.e. 24% more yield as compared to home seed. It 

indicates that impact of certified seed on yield for un-irrigated area is more 

than that of irrigated one. 

 

4.2.6 Wheat Variety Comparison 

 Various varieties of wheat are sown in the Punjab like Inqlab-91 (91 

with reference to the year when it was introduced), Pervaaz, Sehair, Miraj-08, 

Lasani-08, Faislabad-08 and Chakwal-50 etc. Wheat varieties have been 

Sample 
Points

%age 
Share

Avg 
Yield 

(m/ac)

S.D   

(m)

C.V  
(%)

Sample 
Points

%age 
Share

Avg 
Yield 
(m/ac)

S.D   

(m)

C.V  
(%)

Lahore 2554 85 33.25 10.41 31 434 15 38.38 12.18 32 +15
Gujranwala 3904 95 29.59 10.73 36 216 5 34.74 10.39 30 +17
Faislabad 2440 86 32.57 10.29 32 392 14 36.25 10.98 30 +11
Rawalpindi 1634 81 17.61 9.17 52 382 19 21.90 9.39 43 +24
Sargodha 2765 89 25.16 10.27 41 325 11 29.09 9.19 32 +16
Multan 3522 73 33.50 10.51 31 1272 27 35.93 10.70 30 +7
Bahawalpur 2046 78 31.33 10.46 33 576 22 31.87 10.33 32 +2
D.G.Khan 1929 75 29.61 10.01 34 645 25 31.07 10.65 34 +5
PUNJAB 20794 83 29.70 11.23 38 4242 17 33.07 11.48 35 +11

Source of Seed

Divisions

Own Home Certified Impact 
on 

Yield   
(%)
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grouped in to two; first for variety Inqlab-91, the reference variety, and several 

other varieties together in second group. A comparison has been made 

between both groups in Table 4.14. As shown in Table 4.14, 52% of farmers 

use Inqlab-91 and rest of 48% use all other varieties. 

 

Table 4.14: Comparison of Wheat Yield for Variety of Wheat in the 

                     Punjab 

  

Overall on the Punjab level, average yield of wheat of other varieties is 12% 

more than Inqlab-91 and also yield wise other varieties are more consistent 

i.e. 36% as compared to 39% variation. On divisional level comparison, in 

Rawalpindi division, average yield of other varieties is only 4% more than 

Inqlab-91, which is least in the Punjab. Hence it can be concluded that in 

Barani area Inqlab-91 variety and others have almost same production level 

of wheat. 

 

On upper Punjab level like Lahore & Gujranwala divisions, the average yield 

of other varieties is 14% & 24% more than Inqlab-91, respectively. But on 

lower Punjab level like D.G.Khan division, the impact of other varieties on 

average yield is merely 5% more than Inqlab-91.     

 

4.2.7 Sowing Time and Wheat Production 

 Sowing time, as discussed in Section 3.2, is very important with 

reference to the yield of wheat. The sowing of wheat is started in Punjab with 

the start of Rabi season in October and is continued till the end of December. 

Sample 
Points

%age 
Share

Avg. 
Yield 
(m/ac)

S.D   

(m)

C.V 

(%)

Sample 

Points

%age 

Share

Avg. 
Yield 
(m/ac)

S.D   

(m)

C.V 

(%)
Lahore 1864 62 32.29 10.17 31 1124 38 36.82 11.31 31 +14
Gujranwala 3314 80 28.54 10.55 37 806 20 35.30 9.94 28 +24
Rawalpindi 1314 65 18.17 9.25 51 702 35 18.89 9.56 51 +4
Faislabad 1228 43 32.11 9.88 31 1604 57 33.83 10.82 32 +5
Sargodha 1425 46 24.95 10.37 42 1665 54 26.11 10.08 39 +5
Multan 2102 44 32.04 10.14 32 2692 56 35.79 10.69 30 +12
Bahawalpur 785 30 29.36 11.19 38 1837 70 32.33 10.27 32 +10
D.G.Khan 955 37 29.05 10.02 34 1619 63 30.53 10.06 33 +5
PUNJAB 12987 52 28.62 11.03 39 12049 48 32.04 11.41 36 +12

Wheat Variety Comparision 

Divisions

I n q l a b-91 O t h e r s Impact 
on 

Yield 
(%)
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Total sowing time has been segregated in to five periods as shown in Table 

4.15. 
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Table 4.15: Comparison of Wheat Yield in Different Time Slots of 
         Sowing Period in the Punjab 

 

 

Lahore G_wala F_abad R_pindi Sargodha Multan B_pur DGKhan

Sample 
points

116 154 83 962 366 68 21 46 1816

%age 
Share

4 4 3 48 12 1 1 2 7

Avg 
Yield 

(m/ac)
36.84 30.33 36.93 18.28 16.25 34.82 39.84 26.06 22.00

S.D (m) 11.10 12.23 13.46 8.98 10.30 14.16 10.19 12.80 12.63
C.V (%) 30 40 36 49 63 41 26 49 57
Sample 
points

815 1358 1082 780 1418 1228 564 718 7963

%age 
Share

27 33 38 39 46 26 22 28 32

Avg 
Yield 

(m/ac)
37.43 31.70 34.88 19.54 26.83 38.02 35.64 30.98 31.85

S.D (m) 10.32 10.82 10.50 9.90 9.62 10.98 9.83 9.94 11.71
C.V (%) 28 34 30 51 36 29 28 32 37
Sample 
points

1575 2145 916 220 955 1880 975 756 9422

%age 
Share

53 52 32 11 31 39 37 29 38

Avg 
Yield 

(m/ac)
32.80 29.66 33.42 15.42 27.26 34.81 32.74 30.27 31.37

S.D (m) 10.82 10.32 10.40 8.44 9.29 10.11 9.71 10.90 10.78
C.V (%) 33 35 31 55 34 29 30 36 34
Sample 
points

362 353 527 32 241 1010 688 596 3809

%age 
Share

12 9 19 2 8 21 26 23 15

Avg 
Yield 

(m/ac)
30.73 26.63 30.86 14.18 25.85 32.17 29.05 30.28 29.93

S.D (m) 9.97 9.95 9.10 6.89 9.42 9.29 10.25 9.81 9.93
C.V (%) 32 37 29 49 36 29 35 32 33
Sample 
points

120 110 224 22 110 608 374 458 2026

%age 
Share

4 3 8 1 4 13 14 18 8

Avg 
Yield 

(m/ac)
33.42 20.69 26.85 21.20 25.15 27.49 25.65 27.93 26.97

S.D (m) 10.48 11.90 8.69 9.69 10.81 9.03 9.73 9.18 9.81
C.V (%) 31 58 32 46 43 33 38 33 36

From 
Dec 16
& Later

Sowing Time & Wheat Yield
DivisionsSowing 

Periods
Items PUNJAB

Up to
31st 
October

From 
Nov 1
to Nov
15

From 
Nov 16
to Nov
30

From 
Dec 1 to
Dec 15
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Referring Table 4.15, only 7% farmers in the Punjab sow the crop up to 31st of 

October and get an average yield of 22.0 m/ac, which is least in all the five 

periods with 57% variation in the yield, which is the highest one. The reason 

of lowest average and highest variation is due to 48% sowing of wheat in un-

irrigated area of Punjab i.e. Rawalpindi division. 

 

Analyzing divisional level results in the first period of sowing, it is evident that 

the sowing of wheat in irrigated area is just 1% to 4% in this specific period 

because during Kharif season harvesting of rice paddy in upper Punjab and 

picking of cotton in lower Punjab irrigated areas are not completed up to 31st 

October. Otherwise average yield of wheat of irrigated areas in this period 

would have been significantly high. 

 

Maximum sowing of the crop on Punjab level takes place during the second 

half of November, i.e. 38% of total sowing. But maximum yield is achieved 

against the sowing of the crop in the first half of November i.e. 31.85 m/ac. 

But average yield against the sowing of wheat in second half of November is 

almost same i.e. 31.37 m/ac with minimum variation of 34%. So for the 

sowing of wheat, month of November is the best one, which is quite in 

accordance with the instructions given to the farmers by the Agriculture 

Department, Punjab regarding the wheat-sowing period. It can also be 

observed that as the sowing period is delayed, average yield gradually goes 

down. 

 

It is indicated from the last sowing period of the divisional results that sowing 

in the rice growing areas (upper Punjab) is almost over but in the cotton 

growing areas (lower Punjab), 13% to 18% sowing takes place in this period 

as picking of cotton remains continued till the end of December and January. 

  

4.2.8 Usage of Seed Quantity 

 Production of wheat is also influenced by the quantity of seed used per 

acre. There are certain categories of quantity of seed per acre that is used by 

95% farmers of the Punjab as shown in Table 4.16. 
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It is given in Table 4.16 that as the quantity of seed per acre increases, the 

average yield gradually increases and the maximum yield i.e. 31.98 m/ac is 

obtained against 60 kg/ac quantity of seed on the Punjab level. As the 

quantity of seed increases from 60 kg/ac, the average yield gradually 

decreases. Maximum 46% farmers of the province use 50 kg/ac seed 

quantity. 

 

It is also shown that 69% farmers of Rawalpindi division use seed quantity 

equal or less than 40 kg/ac, as it is an un-irrigated area. Sowing time of the 

crop is mostly delayed because of late picking of cotton in the lower Punjab 

area like Multan, Bahawalpur and D.G.Khan divisions, that’s why only less 

than 3% farmers use 40 kg or below quantity of seed in this region. As the 

sowing time is delayed, the quantity of seed has to be increased to get better 

yield. 

 

In upper Punjab area, rice paddy is harvested comparatively early than cotton, 

so there is no usage of more than 60 kg/ac seed quantity of wheat in the rice 

growing zone.  
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Table 4.16: Comparison of Wheat Yield for Different Quantities of Seed  

                      in the Punjab 

 

 

Lahore G_wala F_abad R_pindi Sargodha Multan B_pur DGKhan

Sample 
points

583 1333 - 1386 462 122 42 32 4230

%age 
Share

20 32 - 69 15 3 2 1 17

Avg Yield 
(m/ac)

31.29 26.65 - 17.58 15.93 33.48 27.46 27.46 23.58

S.D (m) 11.37 11.10 - 8.58 8.90 12.67 9.79 11.55 11.83
C.V (%) 36 42 - 49 56 38 36 42 50
Sample 
points

366 824 222 232 226 118 66 20 2074

%age 
Share

12 20 8 12 7 2 3 1 8

Avg Yield 
(m/ac)

32.03 33.43 32.72 16.90 21.20 36.94 30.17 29.12 29.98

S.D (m) 9.49 10.16 11.42 8.81 9.87 10.68 10.61 11.56 11.74
C.V (%) 30 30 35 52 47 29 35 40 39
Sample 
points

1957 1865 1650 356 1526 2263 1104 799 11520

%age 
Share

65 45 58 18 49 47 42 31 46

Avg Yield 
(m/ac)

34.91 30.68 33.02 22.14 27.58 34.83 31.35 28.58 31.79

S.D (m) 10.60 10.16 10.44 11.22 9.69 11.23 10.43 9.47 10.91
C.V (%) 30 33 32 51 35 32 33 33 34
Sample 
points

78 96 654 42 726 1735 1076 905 5312

%age 
Share

3 2 23 2 23 36 41 35 21

Avg Yield 
(m/ac)

40.14 27.88 34.57 23.35 28.49 33.89 31.80 29.58 31.98

S.D (m) 12.74 10.74 9.26 10.52 8.35 9.60 10.62 10.34 10.15
C.V (%) 32 39 27 45 29 28 33 35 32
Sample 
points

- - 24 - 142 384 218 464 1238

%age 
Share

- - 1 - 5 8 8 18 5

Avg Yield 
(m/ac)

- - 34.00 - 27.31 31.84 32.86 32.19 31.69

S.D (m) - - 10.56 - 8.53 10.20 9.90 11.03 10.41
C.V (%) - - 31 - 31 32 30 34 33
Sample 
points

- - - - - 146 98 328 584

%age 
Share

- - - - - 3 4 13 2

Avg Yield 
(m/ac)

- - - - - 30.60 28.22 31.33 30.59

S.D (m) - - - - - 9.74 9.15 9.44 9.45
C.V (%) - - - - - 32 32 30 31

Qty  = 70

Qty>= 80

Qty<= 40

Qty  = 45

Qty  = 50

Qty  = 60

Quantity Seed Used Per Acre
Seed 

Quantity 

(kg)

Items
Divisions

PUNJAB
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4.2.9 Sowing Time and Seed Quantity 

 In Table 4.17, the impact of Sowing Time over the Quantity of Seed per 

acre has been observed. The results given in Table 4.17 show that as the 

sowing time is delayed, the quantity of seed per acre has to be increased to 

sustain the production level.  

 

From Table 4.2.9, maximum 21% farmers in irrigated and 31% farmers in un-

irrigated area use 50 kg seed and 40 kg seed against the sowing of the crop 

in the second half of November and at the end of October, respectively. 

 

From Table 4.17, maximum average yield 35.1 m/ac with 30% variation is 

obtained in irrigated area against sowing in the first of November and seed 

quantity 60 kg per acre whereas in un-irrigated area, the highest average yield 

17.50 m/ac with 52% variation is against first half of November and 50 kg 

seed per acre. It is worthy to highlight that in the whole province, seed 

quantity and sowing time are almost equally distributed i.e. there is no 

congestion in a particular cell of Table 4.17. For early sowing i.e. up to 31st 

October 40 kg seed quantity produces the maximum yield of 31.30 m/ac in 

irrigated area. For this early sowing period, an increase in seed quantity 

causes a reduction in the yield as shown in the Table 4.17. It would be worthy 

to highlight that in un-irrigated area, the yield of wheat is gradually increased 

as the sowing period is delayed for a fixed seed quantity.  
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Table 4.17: Comparison of Wheat Yield for Different Slots of Sowing  

                        Period & Seed Quantity Used per Acre in the Punjab 

 

   

 

 

Irri Un Irri Un Irri Un Irri Un Irri Un

S.Pnts 98 806 864 722 1075 274 267 34 74 16
%age 0.4 31 3.9 28 4.8 11 1.2 1 0.3 1
Avg 

(m/ac)
31.3 16.4 31.1 16.4 28.9 15.1 25.8 11.7 26.8 13.9

SD    
(m)

12.4 8.2 10.7 8.5 10.4 8.7 10.5 6.3 11.9 10.7

C.V(%) 40 50 34 52 36 57 41 54 44 77
S.Pnts 69 130 604 96 800 32 149 - 62 -
%age 0.3 5 2.7 4 3.6 1 0.7 - 0.3 -
Avg 

(m/ac)
32.4 15.4 35.0 15.9 32.1 14.7 28.7 - 24.3 -

SD    
(m)

11.6 8.3 9.7 7.9 10.1 7.6 10.3 - 10.7 -

C.V(%) 36 54 28 50 31 52 36 - 44 -
S.Pnts 309 122 3886 64 4753 54 1518 - 574 14
%age 1.4 5 17.3 2 21.2 2 6.8 - 2.6 1
Avg 

(m/ac)
33.3 15.8 34.3 17.5 32.2 16.7 29.7 - 26.4 9.7

SD    
(m)

12.5 8.5 10.5 9.1 10.4 10.1 9.8 - 9.7 8.2

C.V(%) 38 53 31 52 32 61 33 - 37 85
S.Pnts 100 - 1039 - 1502 - 1131 - 618 -
%age 0.4 - 4.6 - 6.7 - 5.0 - 2.8 -
Avg 

(m/ac)
31.9 - 35.1 - 33.4 - 30.9 - 27.7 -

SD    
(m)

12.9 - 10.5 - 9.8 - 9.4 - 9.4 -

C.V(%) 40 - 30 - 29 - 30 - 34 -
S.Pnts 20 - 120 - 270 - 262 - 246 -
%age 0.1 - 0.5 - 1.2 - 1.2 - 1.1 -
Avg 

(m/ac)
32.9 - 35.1 - 33.1 - 32.8 - 28.3 -

SD    
(m)

9.2 - 11.9 - 10.7 - 9.0 - 9.5 -

C.V(%) 28 - 34 - 32 - 27 - 34 -
S.Pnts 12 - 26 - 104 - 178 - 264 -
%age 0.1 - 0.1 - 0.5 - 0.8 - 1.2 -
Avg 

(m/ac)
37.4 - 34.8 - 33.4 - 32.2 - 27.7 -

SD    
(m)

10.0 - 8.3 - 9.9 - 9.4 - 8.5 -

C.V(%) 27 - 24 - 30 - 29 - 31 -

= 70

= > 80 

=< 40

= 45

= 50

= 60

Sowing Time & Seed Quantity Used per Acre
Seed 

Quantity 

(Kg)

Items
Sowing       Time

Up to Oct Nov 1-15 Nov 16-30 Dec 1-15 Dec16 later
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4.2.10 Application of Fertilizers 

 Table 4.18 shows an impact of combination of two types of fertilizers: 

Urea and DAP on the yield of wheat taking their different pairs of quantities. 

As the fertilizers have different impact on the crop of irrigated and un-irrigated 

areas, so they have been individually analyzed. As there is no application of 

urea fertilizer more than 100 kg per acre in un-irrigated area, therefore 

columns of un-irrigated area against 125, 150 and 200 kg urea have been 

omitted from Table 4.18 for simplification purpose. 

 

Referring Table 4.18, there are maximum 46% cases in un-irrigated area, 

where no fertilizer has been used and resultantly there is only an average 

yield of 12.90 m/ac with a high variation of 52% in the yield. The second 

highest share in un-irrigated area is 14% against a combination of 50 kg 

fertilizer of each type in an acre getting an average yield of 22.10 m/ac with a 

variation of 43% in yield. 

 

The maximum average yield in un-irrigated area is 29.2 m/ac with a variation 

of 37% against a combination of no DAP and 100 kg urea per acre, but 

combination of this fertilizers share is just 0.5% in the whole data of un-

irrigated area, which is quite negligible. 

 

In irrigated area, maximum 34% farmers use a combination of 50 kg fertilizer 

of each type giving an average yield of 30.2 m/ac with 31% variation.  The 

second highest combination 28 % of fertilizers in irrigated area is 50 kg DAP 

and 100 kg urea per acre yielding an average production of 34.1 m/ac with a 

variation of 29%. The maximum average yield 40.4 m/ac with a variation of 

26% is produced against a combination 125 kg Urea and 100 kg DAP in 

irrigated area with a minor share of 0.1%. 
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Table 4.18: Comparison of Wheat Yield for Different Combinations of 

                       Quantities of Urea & DAP Fertilizers in the Punjab 

 

 

 

 

 

 

 

 

125 150 200
Irri Un Irri Un Irri Un Irri Un Irri Un Irri Irri Irri

S.Pnts 230 1204 48 46 1397 212 134 - 688 12 18 102 16

%age 1 46 0.2 2 6 8 0.6 - 3 0.5 0.1 0.5 0.1
Avg 

(m/ac)
21.7 12.9 19.8 14.3 24.3 17.4 27.7 - 29.4 29.2 28.5 30.9 28.7

SD    (m)
12.6 6.7 10.5 7.9 9.9 7.6 9.6 - 10.8 10.8 13.7 9.2 11.9

C.V(%) 58 52 53 55 41 44 34 - 37 37 48 30 41

S.Pnts 16 73 80 151 254 14 76 - 104 - 14 - -

D %age 0.1 3 0.4 6 1 0.5 0.3 - 0.5 - 0.1 - -
Avg 

(m/ac)
11.9 15.5 24.9 19.5 26.5 21.7 27.4 - 30.7 - 31.1 - -

A
SD    (m)

5.7 6.2 11.7 10.1 10.2 9.5 8.8 - 10.9 - 12.3 - -

C.V(%) 48 40 47 52 39 44 32 - 36 - 39 - -

S.Pnts 121 187 74 92 7562 370 1248 - 6320 8 226 850 58

P %age 1 7 0.3 4 34 14 6 - 28 0.3 1 4 0.3
Avg 

(m/ac)
23.8 17.4 30.9 21.1 30.2 22.1 33.6 - 34.1 14.4 36.5 36.2 37.2

SD    (m)
10.8 7.5 9.3 8.4 9.5 9.6 9.2 - 10.0 3.2 11.0 10.0 11.4

C.V(%) 45 43 30 40 31 43 27 - 29 22 30 28 31

S.Pnts - - - - 122 - 163 - 499 - 40 82 -
%age - - - - 1 - 1 - 2 - 0.2 0.4 -
Avg 

(m/ac)
- - - - 35.2 - 35.4 - 37.8 - 40.3 35.6 -

SD    (m)
- - - - 8.8 - 7.7 - 8.9 - 11.3 10.9 -

C.V(%) - - - - 25 - 22 - 23 - 28 31 -

S.Pnts 16 - - - 282 - 84 - 698 - 28 173 38
%age 0.1 - - - 1 - 0.4 - 3 - 0.1 1 0.2
Avg 

(m/ac)
34.6 - - - 35.0 - 40.2 - 37.2 - 40.4 38.2 36.1

SD    (m)
11.6 - - - 9.3 - 13.1 - 10.2 - 10.7 9.1 7.4

C.V(%) 34 - - - 27 - 33 - 27 - 26 24 20

50

75

100

75

0

25

Usage of Fertilizers & Wheat Yield in Punjab
U  r  e  aFertilizer Name

Qty (Kg)
0 25 50 100
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The highest inconsistent yield in un-irrigated area is 14.3 m/ac with a variation 

of 55% against a combination of no DAP and 25 kg urea. In case of irrigated 

area, the most variant yield is 21.7 m/ac with a variation of 58% against usage 

of neither fertilizer. 

 

4.2.11 Pesticides / Weedicides Spray 

 A spray of pesticides / weedicides is extremely important for a good 

production of wheat. Table 4.19 shows an overall impact of pesticides on the 

crop. 

Table 4.19: Comparison Wheat Yield for Pesticides Sprayed / Un- 

                           Sprayed crop in the Punjab 

 

From Table 4.19, on the whole, 41% of farmers of the Punjab use pesticides 

spray on the crop and get 27% more yield as compared to the crop, which has 

not been sprayed. Also yield of sprayed crop is more consistent than the yield 

of unsprayed crop i.e. 28% as compared to 42% variation in the yield. 

 

Individually on divisional level analysis, the maximum impact of pesticides 

spray is in Rawalpindi division i.e. 62% more production as compared to 

unsprayed crop. Hence it can be concluded that pesticides positive impact 

considerably more in un-irrigated area as compared to irrigated one. But only 

5% farmers in Rawalpindi division use pesticides spray on their wheat crop 

because of being barani area. 

 

Sample 

Points

%age 

Share

Avg 

Yield 

(m/ac)

S.D   

(m)

C.V  

(%)

Sample 

Points

%age 

Share

Avg 

Yield 

(m/ac)

S.D   

(m)

C.V  

(%)
Lahore 1558 52 36.31 9.98 27 1430 48 31.51 11.17 35 15
Gujranwala 1970 48 33.56 9.20 27 2150 52 26.46 10.99 42 27
Faislabad 1272 45 36.45 9.41 26 1560 55 30.34 10.48 35 20
Rawalpindi 100 5 29.04 9.78 34 1916 95 17.87 9.01 50 62
Sargodha 970 31 30.06 8.54 28 2120 69 23.52 10.28 44 28
Multan 2354 49 36.47 10.43 29 2440 51 31.90 10.30 32 14
Bahawalpur 892 34 34.62 9.47 27 1730 66 29.81 10.53 35 16
D.G.Khan 1096 43 32.42 9.20 28 1478 57 28.18 10.51 37 15
P U N J A B 10212 41 34.61 9.85 28 14824 59 27.28 11.34 42 27

Impact 
on 

Yield   
(%) Inc

Pesticides Spray on Wheat Crop

Divisions

YES NO
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The maximum usage of pesticides is in Lahore, Gujranwala and Multan 

divisions i.e. 52%, 48% and 49%, respectively. Usage of pesticides is also an 

indicator of financial status of farmers of that particular area, as pesticides are 

comparatively much expensive items in the crop inputs.    

 

4.2.12 Pesticides Spray on a Diseased Crop 

Table 4.20 is an elaborated form of Table 4.19. Pesticides are sprayed 

because of some diseases to the crop or for harmful weeds and may be for 

both of the reasons. Four categories have been designed to analyze the 

impact of pesticides spray on different status of the crop: No Diseases + No 

Spray, No Diseases + Spray, Diseases + No Spray and Diseases + Spray. 

 

Referring Table 4.20, maximum average yield 34.67 m/ac with only 29% 

variation is against the category No Disease + Spray i.e. spray for weeds on 

the diseases less crop and 36 % farmers fall in this category. Minimum 

average yield 27.31 m/ac in maximum 56% number of cases with highest 

42% variation is in the category of No Diseases + No Spray. 

 

Analyzing divisional level results, the maximum yield in all the categories is 

obtained in Multan division i.e. 36.97 m/ac with a variation of 28% in the 

production is in the category of No Diseases + Spray. The minimum yield of 

wheat 26.90 m/ac with high 39% variation on Punjab level, is against the 

category Diseases + No Spray. All the results are logically true and also 

match with the ground realities.   

 

Overall 56%, 36%, 4% and 5% share of the cultivated area is representing 

above mentioned four categories respectively. 
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Table 4.20: Comparison of Wheat Yield for Diseases Crop  & Pesticides  

                      Spray in the Punjab 

 

 

 

 

 

 

 

 

 

 

Lahore G_wala F_abad R_pindi Sargodha Multan B_pur DGKhan

Sample 
points

1198 2006 1438 1862 2072 2228 1678 1434 13916

%age 
Share

40 49 51 92 67 46 64 56 56

Avg Yield
(m/ac)

32.24 26.69 30.47 17.91 23.51 32.12 29.79 28.16 27.31

S.D (m) 11.11 11.01 10.57 8.97 10.30 10.28 10.62 10.54 11.40
C.V (%) 34 41 35 50 44 32 36 37 42
Sample 
points

1234 1784 1110 98 946 1887 868 1050 8977

%age 
Share

41 43 39 5 31 39 33 41 36

Avg Yield
(m/ac)

36.70 33.63 36.81 28.96 29.90 36.97 34.67 32.49 34.67

S.D (m) 10.11 9.18 9.37 9.88 8.40 10.53 9.50 9.18 9.89
C.V (%) 28 27 25 34 28 28 27 28 29
Sample 
points

232 144 122 54 48 212 52 44 908

%age 
Share

8 3 4 3 2 4 2 2 4

Avg Yield
(m/ac)

27.49 23.30 28.80 16.56 24.04 29.61 30.56 28.84 26.90

S.D (m) 10.65 10.28 9.27 10.32 9.24 10.27 7.21 9.55 10.56
C.V (%) 39 44 32 62 38 35 24 33 39
Sample 
points

324 186 162 - 24 467 24 46 1235

%age 
Share

11 5 6 - 1 10 1 2 5

Avg Yield
(m/ac)

34.84 32.99 33.92 - 36.50 34.48 32.82 30.79 34.15

S.D (m) 9.34 9.36 9.25 - 11.51 9.78 8.17 9.45 9.55
C.V (%) 27 28 27 - 32 28 25 31 28

Diseased Crop & Pestcides Spray
Disease  
&        
Spray

Items
Divisions

PUNJAB

No 
Disease  
+            
No 
Spray

No 
Disease  
+       
Spray  
(for 
weeds)

Disease  
+ No
Spray

Disease  
+       
Spray
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4.2.13 Ploughing / Leveling and Wheat Production 

Table 4.21 shows various combinations of ploughing & leveling in the 

province. A proper combination of suitable number of plough & level subject to 

the availability of water, humidity level and nature of soil causes a good 

production of wheat.  

 

Minimum number of level in the Punjab is 1 and maximum 6 and minimum 

number of plough is 1 and maximum is 8. In this way, there are 48 

combinations of level and plough. Each combination has been individually 

analyzed for irrigated and un-irrigated areas.  

 

Referring Table 4.21, in irrigated & un-irrigated areas, maximum 25% & 13% 

farmers use a combination of 2 levels & 4 plough getting an average yield of 

31.0 m/ac & 14.4 m/ac with 33% & 42% variation in the yield, respectively.  

 

The maximum yield in case of irrigated area is 36.9 m/ac with a variation of 

32% against a combination of 6 levels & 4 ploughs, where as in case of un-

irrigated area, the maximum yield is 26.5 m/ac with 28% variation against 6 

levels & 5 ploughs.   

 

It is the general trend, which can be observed from Table 4.21 that as no of 

level and plough increases, the average yield also increases.     
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Table 4.21: Comparison of Wheat Yield for Different Combinations of 

                        Ploughing  & Leveling in the Punjab 

 

 

 

 

 

Irri Un Irri Un Irri Un Irri Un Irri Un Irri Un Irri Un Irri Un

S.Pnts 86 28 1023 210 1704 166 1147 86 152 16 56 - - - - -

%age 0.4 1 4.6 8 7.6 6 5.1 3 0.7 1 0.2 - - - - -

N
Avg 

(m/ac)
31.8 11.8 28.2 11.4 29.7 13.8 31.7 16.5 31.0 17.2 37.7 - - - - -

o SD    
(m)

14.0 6.4 10.5 5.1 10.1 7.3 10.3 7.8 9.8 13.3 11.7 - - - - -

o C.V(%) 44 54 37 45 34 53 32 47 32 78 31 - - - - -

f S.Pnts 65 - 510 80 2400 268 5555 348 1590 178 884 130 90 28 102 56
%age 0.3 - 2.3 3 10.7 10 24.8 13 7.1 7 3.9 5 0.4 1 0.5 2

L
Avg 

(m/ac)
32.0 - 29.5 11.8 30.3 12.3 31.0 14.4 33.5 16.9 33.5 16.9 34.4 18.7 33.8 16.6

E
SD    
(m)

9.3 - 11.6 6.4 10.2 5.8 10.1 6.1 10.2 8.7 9.8 8.0 12.2 8.2 11.6 9.1

V C.V(%) 29 - 39 54 34 47 33 42 30 52 29 48 35 44 34 55

E S.Pnts 24 - 27 - 271 32 1229 98 1241 124 1134 88 220 54 128 38

L %age 0.1 - 0.1 - 1.2 1 5.5 4 5.5 5 5.1 3 1.0 2 0.6 1

S Avg 
(m/ac)

30.4 - 33.6 - 31.6 19.2 32.6 16.8 33.3 18.2 34.9 20.2 35.9 18.7 34.5 20.6

SD    
(m)

9.5 - 13.0 - 10.5 10.3 10.7 7.6 10.1 8.6 10.4 8.6 9.4 8.6 10.1 7.0

C.V(%) 31 - 39 - 33 54 33 45 30 47 30 42 26 46 29 34

S.Pnts - - - - 54 32 398 38 416 74 642 84 100 30 292 38
%age - - - - 0.2 1 1.8 1 1.9 3 2.9 3 0.4 1 1.3 1
Avg 

(m/ac)
- - - - 30.4 14.4 32.3 19.5 33.9 16.8 35.4 16.3 32.8 17.3 35.9 22.0

SD    
(m)

- - - - 11.4 8.2 9.8 8.4 10.4 9.9 10.0 6.5 11.3 8.2 10.2 12.2

C.V(%) - - - - 38 57 30 43 31 59 28 40 34 48 29 55

S.Pnts - - - - - - 34 - 92 32 126 - 44 26 32 26
%age - - - - - - 0.2 - 0.4 1 0.6 - 0.2 1 0.1 1
Avg 

(m/ac)
- - - - - - 25.0 - 32.6 23.0 35.7 - 35.1 20.8 31.6 22.8

SD    
(m)

- - - - - - 11.2 - 11.2 7.7 9.6 - 7.8 10.2 9.3 9.1

C.V(%) - - - - - - 45 - 34 34 27 - 22 49 29 40

S.Pnts - - - - - - 20 - 32 18 84 18 14 - 38 -

%age - - - - - - 0.1 - 1 0.1 3 0.1 1 - 0.2 -

Avg 
(m/ac)

- - - - - - 36.9 - 30.1 26.5 37.6 22.5 36.0 - 37.1 -

SD    
(m)

- - - - - - 11.7 - 8.6 7.4 11.7 9.0 15.7 - 14.2 -

C.V(%) - - - - - - 32 - 29 28 31 40 44 - 38 -

2

3

4

5

7 8

1

6

Ploughing / Leveling  & Yield in Punjab
No      of      Plough

Items
1 2 3 4 5 6
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4.2.14 Number of Water Used to Wheat Crop 

 In irrigated area of the Punjab, number of water is very important for 

the yield of wheat. Because of availability of timely rainfalls, number of waters 

can be increased or decreased accordingly. 

 

The data has been segregated in to six categories on the basis of number of 

water from one to six and above as shown in Table 4.22. 

 

It is generally observed from Table 4.22 that as number of water is increased, 

average yield is also increased and after 4-number of waters, it comes down. 

Against 4-number of water, maximum yield 33.26 m/ac with a variation of 31% 

is obtained. Maximum 33% farmers of irrigated area of the Punjab use 4-

number of waters. 

 

In Sargodha division 28% farmers use 4-number of water getting average 

yield of 28.57 m/ac with 31% variation and 24% farmers use 6 and more 

number of waters getting 27.77 m/ac yield with a variation of 27 % in the yield. 

The maximum use of number of water i.e. six or more is the highest in Punjab 

i.e. 24% because the nature of soil in Sargodha division is sandy, especially in 

district Bhakhar, as the ground absorbs water rapidly so farmers have to 

increase the number of water to maintain the germination pace of the crop.  
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Table 4.22: Comparison of Wheat Yield for Different Number of Waters in  

                    the Punjab 

 

 

 

Lahore G_wala F_abad R_pindi Sargodha Multan B_pur DGKhan

Sample 
points

148 832 36 30 64 - 22 38 1182

%age 
Share

5 22 1 16 2 - 1 1 5

Avg Yield 
(m/ac)

25.02 27.16 29.00 27.20 20.69 - 10.61 15.95 25.83

S.D (m) 10.67 10.77 14.78 8.83 12.90 - 5.86 8.95 11.37
C.V (%) 43 40 51 32 62 - 55 56 44
Sample 
points

406 1380 216 48 254 164 116 120 2704

%age 
Share

14 37 8 26 9 3 4 5 12

Avg Yield 
(m/ac)

30.20 31.22 29.40 27.93 25.41 32.75 22.39 21.89 29.61

S.D (m) 11.56 9.44 11.51 9.18 8.81 11.55 11.14 11.51 10.61
C.V (%) 38 30 39 33 35 35 50 53 36
Sample 
points

1054 1170 740 62 502 1152 514 458 5652

%age 
Share

35 31 26 34 19 24 20 18 25

Avg Yield 
(m/ac)

33.87 33.16 31.20 31.51 27.82 34.32 30.68 27.92 32.13

S.D (m) 10.85 9.48 10.53 9.32 9.23 10.48 10.88 10.51 10.52
C.V (%) 32 29 34 30 33 31 35 38 33
Sample 
points

1098 310 1192 36 742 2084 1100 748 7310

%age 
Share

37 8 42 20 28 43 42 29 33

Avg Yield 
(m/ac)

35.84 33.31 34.15 31.72 28.57 34.31 32.48 30.97 33.26

S.D (m) 9.81 9.51 9.88 10.43 8.77 10.75 9.80 9.77 10.20
C.V (%) 27 29 29 33 31 31 30 32 31
Sample 
points

224 50 538 - 490 1061 648 760 3779

%age 
Share

7 1 19 - 18 22 25 30 17

Avg Yield 
(m/ac)

38.08 32.43 34.75 - 28.83 34.42 33.31 31.65 33.19

S.D (m) 9.30 8.77 10.14 - 8.97 10.31 9.74 9.60 9.03
C.V (%) 24 27 29 - 31 30 29 30 27
Sample 
points

58 - 110 - 640 321 222 436 1801

%age 
Share

2 - 4 - 24 7 8 17 8

Avg Yield 
(m/ac)

34.91 - 34.69 - 27.77 32.95 29.43 31.41 30.48

S.D (m) 10.27 - 10.06 - 7.59 9.96 9.30 8.64 9.08
C.V (%) 29 - 29 - 27 30 32 28 30

    = 5

    ? 6

    = 1

    = 2

    = 3

    = 4

Number of Water used in Irrigated Area of Punjab
No of 

Water

Items
Divisions

PUNJAB
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It is also notable that as the number of water increased, the variation in the 

yield gradually decreased. It is important to highlight that in the upper Punjab, 

less number of water is used as compared to lower / central Punjab irrigated 

area like Bahawalpur, D.G.Khan and Sargodha divisions, 8% to 24% farmers 

use 6 or more water where as in upper Punjab, Lahore and Faislabad 

divisions only 2% to 4% farmers use 6 or more number of water. Particularly 

in Gujranwala division, no one uses 6 or more number of water. 

 

4.2.15 Number of Water and Amount of Rainfalls 

With reference to Table 4.24 & Table 4.25, Table 4.23 also shows the 

application of weighted rainfalls methodology. 

 

According to the Punjab climate, 3 waters are essential to wheat crop 

throughout the Rabi season. In irrigated area farmers are comparatively less 

dependent upon rainfalls as they have other sources of watering. However 

number of water is totally dependent on the timely rainfalls. In case of timely 

rainfalls, cost of watering is saved and the crop receives rather better natural 

water. But in case of no, less or out time rainfalls, farmers have to increase 

the number of water to keep the crop germination momentum. It indicates an 

existence of association between number of water and amounts of rainfalls. 

 

Two methods have been used to find out the average number of water in all 

the districts of Punjab: mean and mode. Similarly, two methods of association 

between number of water and amounts of actual / weighted rainfalls have 

been used: Simple and Rank correlations. 
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Table 4.23: Association Between Number of Waters & Amount of  

                           Rainfalls in the Punjab 

 

 

 

 

(Mode) (Mean)

Gujranwala 864 2 2.20 107.63 35.697
Gujrat 384 2 2.03 62.19 22.773
Sialkot 822 2 1.98 156.51 55.450
Narowal 456 2 2.05 177.50 57.623
Hafizabad 586 3 2.86 105.84 34.918
M.B.Din 642 3 2.73 187.30 56.341
Rawalpindi 8 1 1.25 301.40 104.580
Attock 58 4 3.17 226.75 62.180
Jehlam 96 3 2.56 270.18 80.970
Chakwal 24 3 2.83 191.21 50.970
Lahore 408 3 3.40 133.16 39.878
Sheikupura 540 2 2.54 108.01 37.249
Nankana Sb 432 4 3.41 70.89 22.285
Kasur 828 3 3.32 105.65 31.382
Okara 780 4 3.88 76.42 25.223
Faislabad 1008 4 3.79 84.45 28.432
Jhang 1062 4 3.79 56.47 16.463
T.T.Singh 762 4 3.90 104.47 34.060
Sargodha 936 4 3.38 121.13 34.848
Khushab 368 5 4.81 129.13 28.116
Mianwali 490 4 3.79 159.00 33.917
Bahkhar 898 6 5.50 95.02 23.610
Multan 762 4 4.08 78.65 21.908
Khanewal 882 4 3.92 72.90 20.790
Vehari 876 4 3.96 68.33 20.905
Lodhran 666 4 3.82 44.61 12.627
Sahiwal 906 4 4.46 69.16 27.311
Pakpattan 702 4 3.95 95.03 30.607
Bahawalpur 648 4 4.14 56.80 14.486
Bahawalngar 978 4 4.04 53.59 16.179
R.Y.Khan 996 4 4.19 72.30 21.116
D.G.Khan 520 4 3.62 100.42 25.649
Rajanpur 534 5 4.30 70.84 21.205
Layyah 660 5 4.92 74.24 15.915
Muzffergarh 846 4 4.43 102.94 28.967
PUNJAB 22428 4 3.71 94.64 28.535

Mean no of Water -0.594 -0.707
Mode no of Water -0.494 -0.631
Mean no of Water -0.568 -0.704
Mode no of Water -0.482 -0.649

Avg. 
Total    

Rainfall 
(mm)

Amounts of Rainfalls & No. of Waters

Avg. No. of Water 
Avg. 

Weighted 
Rainfall 

(mm)

Correlation 
Coefficients

Simple

Rank

Districts
Sample 
Points
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Table 4.23 shows that both simple and rank coefficients of correlation are 

higher between weighted rainfalls and number of water as compared to 

between actual rainfalls and number of water. Also both coefficients of 

correlation are higher in case of mean number of water and amount of 

rainfalls as compared to mode number of water and amount of rainfalls. It 

depicts a strong association between the concerned variables and utility of 

weighted rainfall methodology. 

 

4.2.16 Rabi Season Rainfalls and Wheat Production 

 In climatic parameters, rainfalls have a great impact on the production 

of wheat. Table 4.24 shows divisional average yield of irrigated, as well as, 

un-irrigated areas along with their variations and monthly total rainfalls / 

weighted rainfalls (mm) of the Rabi season for all the years. Also simple / rank 

coefficients of correlation between yield and amounts of actual / weighted 

rainfalls have been calculated. 

 

It is worthy to point out that rainfalls of various months of the season have 

different degree of impact on the yield as discussed in the section 4.1.1. In the 

analyses of rank correlations, this effect is evident that in un-irrigated area 

maximum positive impact on yield is of October rainfall i.e. 0.56 rank 

correlation and the second highest positive impact is of January rainfall i.e. 

0.54. Similarly, these two results in case of irrigated area are 0.21 and 0.41; 

respectively i.e. January rainfall has more positive impact on yield as 

compared to October rainfall in irrigated area.  

 

The impact of rainfalls on the yield of un-irrigated area is much higher than 

that of irrigated area, as un-irrigated area production is merely dependent on 

rainfalls rather on timely rainfalls. 
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Table 4.24: Comparison of Association Between Season Rainfalls &  

                        Divisional Wheat Yield in the Punjab 

 

 

 

 

 

 

 

Irri Unir Irri Unir

Lahore 32.08 - 30 - 0.1 0 0 6 2 26 0 34.45 6.938
Gujranwala 30.92 15 30 71 0 0 22 6 30 0.4 58.79 19.259
Faislabad 31.63 - 31 - 6 0 0 3 7 17 0 33.60 9.304
Rawalpindi 31.98 15 30 42 31 3 0 51 17 40 9 151.90 64.104
Sargodha 27.25 9 32 44 3 0 0 5 8 27 4 47.61 10.788
Multan 30.74 - 31 - 2 0 0 4 1 12 3 22.24 5.637
Bahwalpur 27.62 - 32 - 0 1 0 3 0 26 1 30.80 4.609
D.G.Khan 28.73 - 36 - 0 0 0 1 4 25 1 31.69 4.306
Lahore 35.40 - 30 - 41 15 13 0 85 43 0 197.27 63.131
Gujranwala 30.19 22 34 49 30 4 41 0 96 92 0 261.84 67.565
Faislabad 34.15 - 29 - 23 10 30 0 34 26 0 123.00 38.954
Rawalpindi 34.00 21 23 46 22 17 77 0 143 143 12 414.18 99.072
Sargodha 29.04 13 30 35 5 15 32 0 134 66 6 261.89 65.036
Multan 35.44 - 28 - 22 2 16 0 59 26 1 126.50 38.747
Bahwalpur 35.38 - 26 - 0 0 21 0 86 19 0 126.44 33.118
D.G.Khan 32.25 - 29 - 6 5 23 0 48 40 0 121.85 29.790
Lahore 32.28 - 33 - 0 3 11 24 7 4 32 49.00 25.574
Gujranwala 30.12 16 33 51 0 1 2 48 9 0 49 108.84 43.370
Faislabad 31.28 - 34 - 0 0 5 29 12 0.4 54 100.34 32.912
Rawalpindi 29.61 14 34 53 0 13 0 61 27 12 100 213.40 70.038
Sargodha 25.00 9 31 33 0 0.4 1 17 15 4 71 107.93 27.424
Multan 31.44 - 33 - 0 0 7 11 11 0 29 58.61 17.444
Bahwalpur 29.13 - 37 - 0 0 4 7 2 0 19 31.25 9.182
D.G.Khan 27.62 - 35 - 0 0 2 9 12 3 16 41.60 12.871
Lahore 36.15 - 33 - 2 0 6 19 19 25 0.3 71.16 23.146
Gujranwala 33.25 15 30 51 22 0 14 31 21 16 0 104.93 46.430
Faislabad 35.17 - 31 - 0 0 27 14 7 12 0.6 59.69 20.251
Rawalpindi 23.62 19 35 45 11 6 29 41 52 46 9 194.81 65.900
Sargodha 29.95 11 32 43 4 0 15 4 14 33 3 72.94 16.901
Multan 38.52 - 27 - 0 0 34 21 3 16 1 74.42 26.533
Bahwalpur 34.76 - 30 - 0 0 34 23 3 15 1 76.35 28.028
D.G.Khan 31.11 - 35 - 0 0 99 13 1 32 1 145.84 41.788

Irri 0.24 0.01 0.25 -0.09 0.11 0.05 -0.38 0.051 0.090
Unir 0.64 0.30 0.67 0.11 0.52 0.65 -0.32 0.663 0.741
Irri 0.21 -0.06 0.41 -0.05 0.15 -0.02 -0.49 0.190 0.200

Unir 0.56 0.29 0.54 0.07 0.46 0.47 -0.16 0.538 0.657

Y
ea

rs

Dec

Avg. 

Total    

Rainfall 

(mm)
Feb Mar

Rainfalls in Rabi Season & Divisional Wheat Yield

Divisions

Average 
Yield     
(m/ac)

C.V     

(%)

Avg.Monthly Total Rainfalls (mm)
Avg. 

Weighted 

Rainfall 

(mm)
AprJanOct Nov

Correlation 
Coefficients 
between Yield &
Rainfalls

Simple

Rank

20
05

-0
6

20
06

-0
7

20
07

-0
8

20
08

-0
9
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Therefore rank correlations between Yield & Actual Rainfalls of irrigated and 

un-irrigated areas are 0.19 & 0.538 where as between Yield & Weighted 

Rainfalls are 0.20 & 0.657, respectively.  

 

4.2.17 Rabi Season Humidity Levels and Wheat Production 

 Table 4.25 reveals humidity impact on the crop yield both in irrigated 

and un-irrigated areas separately. Like rainfalls analyses, both simple and 

rank coefficients of correlation have been calculated between humidity level 

and divisional production of wheat for all the years. 

 

According to the results given in Table 4.25, a main commonality in all the 

coefficients of correlation is that neither value is positive i.e. humidity level and 

production of wheat have negative association.  

 

In case of irrigated area, association between Yield & Humidity is minor 

except April average humidity, as it is the month when the crop is almost 

matured, ready to harvest and needs a complete hot & dry environment, so 

the rank correlation is –0.34 i.e. increase in humidity causes low yield of 

wheat. 

 

In case of un-irrigated area, humidity comparatively has more negative impact 

on the yield. For instance, in the month of April, the association is –0.55, 

which is more than irrigated area. The overall rank correlations between 

average humidity of the season & yield in irrigated and un-irrigated areas are 

–0.14 and –0.80, respectively i.e. both have inverse relationship.  
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Table 4.25: Comparison of Association Between Seasonal Humidity &  

                       Divisional Wheat Yield in the Punjab 

 

 

 

 

 

 

Irri Unir Irri Unir

Lahore 32.08 - 30 - 56 50 60 60 55 52 29 51.714
Gujranwala 30.92 15 30 71 63 62 68 63 58 61 44 59.857
Faislabad 31.63 - 31 - 63 66 72 72 67 61 45 63.714
Rawalpindi 31.98 15 30 42 62 62 73 76 65 70 59 66.714
Sargodha 27.25 9 32 44 76 78 81 79 77 76 55 74.571
Multan 30.74 - 31 - 76 74 74 74 71 68 47 69.143
Bahwalpur 27.62 - 32 - 72 78 75 71 69 67 52 69.143
D.G.Khan 28.73 - 36 - 65 63 72 71 68 71 44 64.857
Lahore 35.40 - 30 - 63 72 73 65 75 66 42 65.143
Gujranwala 30.19 22 34 49 62 62 66 62 62 58 46 59.714
Faislabad 34.15 - 29 - 65 71 74 72 70 63 46 65.857
Rawalpindi 34.00 21 23 46 59 66 67 71 75 72 56 66.571
Sargodha 29.04 13 30 35 71 82 87 84 80 74 58 76.571
Multan 35.44 - 28 - 75 76 80 76 79 74 49 72.714
Bahwalpur 35.38 - 26 - 70 76 75 71 68 63 53 68.000
D.G.Khan 32.25 - 29 - 63 62 66 66 69 67 56 64.143
Lahore 32.28 - 33 - 62 69 72 66 63 53 45 61.429
Gujranwala 30.12 16 33 51 56 60 64 62 58 54 53 58.143
Faislabad 31.28 - 34 - 57 67 71 70 63 51 48 61.000
Rawalpindi 29.61 14 34 53 62 66 69 77 69 62 63 66.857
Sargodha 25.00 9 31 33 73 82 85 79 81 78 73 78.714
Multan 31.44 - 33 - 64 74 80 79 77 73 50 71.000
Bahwalpur 29.13 - 37 - 68 73 73 68 63 68 51 66.286
D.G.Khan 27.62 - 35 - 65 66 72 70 65 68 57 66.143
Lahore 36.15 - 33 - 66 70 75 80 68 59 47 66.429
Gujranwala 33.25 15 30 51 65 62 67 69 66 53 46 61.143
Faislabad 35.17 - 31 - 60 64 73 75 67 57 48 63.429
Rawalpindi 23.62 19 35 45 57 59 69 75 71 60 57 64.000
Sargodha 29.95 11 32 43 77 81 89 88 83 75 66 79.857
Multan 38.52 - 27 - 70 71 82 83 73 66 53 71.143
Bahwalpur 34.76 - 30 - 68 72 70 72 61 54 60 65.286
D.G.Khan 31.11 - 35 - 65 60 75 80 75 69 62 69.429

Irri -0.05 -0.05 -0.07 -0.03 -0.10 -0.27 -0.36 -0.170
Unir -0.81 -0.76 -0.77 -0.63 -0.53 -0.59 -0.55 -0.730
Irri -0.10 -0.05 -0.03 -0.05 -0.10 -0.33 -0.34 -0.140

Unir -0.81 -0.75 -0.81 -0.79 -0.61 -0.76 -0.55 -0.800

Simple

Rank

Humidity Level in Rabi Season & Divisional Wheat Yield
Y

ea
rs

Divisions

Average 
Yield     
(m/ac)

C.V     

(%)

Monthly Average Humidity Level (%) Avgerage 
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4.2.18 Rabi Season Temperatures and Wheat Production 

 In general Pakistan climate mostly remains on extremes i.e., in winter 

season, the lowest temperature may be –20 ºC on the upper side of the 

country like Skardu and surroundings and +10 ºC on its lower side like interior 

Sindh etc. Similarly, in summer season, the lowest temperature may be 1ºC 

on upper side and the highest about +52 ºC on lower and middle areas of the 

country like Sibi and Kashmor etc. ºC 

 

As the variation between temperatures is very high, so average temperature 

cannot depict its real impact on the wheat yield, so average of maximum and 

minimum temperatures for each month of Rabi season has been observed for 

their individual analyses. 

 

The results reveal that temperatures have opposite impact on the yield of un-

irrigated and irrigated areas as both simple and rank coefficients of correlation 

are positive in irrigated case and negative in un-irrigated one. Also comparing 

monthly maximum / minimum temperatures of irrigated and un-irrigated areas, 

it is observed that coefficients of correlation are higher in case of irrigated 

area than that of un-irrigated one i.e. yield of wheat in irrigated area is more 

influenced by temperatures as compared to un-irrigated area.   

 

The rank correlations between yield and maximum average temperature in 

irrigated and un-irrigated areas are 0.34 and –0.27 and with minimum average 

temperature are 0.31 & –0.17, respectively. It indicates that yield is more 

affected by average maximum temperature as compared to average minimum 

temperature. 
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Table 4.26: Comparison of Association Between Seasonal Temperatures  

                    & Divisional Wheat Yield in the Punjab 

 

Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min

Lahore 33 20 27 10 22 4 20 5 25 10 27 14 35 19 27 12 19

Gujranwala 32 17 25 9 20 5 20 5 24 11 26 12 36 19 26 11 19

Faislabad 36 21 27 13 21 6 18 4 26 10 28 14 36 19 27 12 20

Rawalpindi 30 17 25 10 20 2 17 2 24 8 25 10 35 17 25 9 17

Sargodha 34 18 26 12 20 5 16 4 23 11 24 14 37 20 26 12 19

Multan 32 21 25 15 22 6 19 6 27 12 27 13 36 19 27 13 20

Bahawalpur 33 21 27 16 25 5 21 5 28 13 30 16 40 23 29 14 22

D.G.Khan 33 20 26 13 20 5 17 5 25 13 28 14 35 20 26 13 20

Lahore 32 22 27 14 21 8 20 3 22 9 26 13 37 20 26 13 20

Gujranwala 31 19 24 13 18 6 17 3 21 8 26 13 37 20 25 12 18

Faislabad 33 20 24 13 17 7 18 4 21 9 26 13 37 20 25 12 19

Rawalpindi 32 17 26 13 19 6 16 2 18 7 22 10 34 17 24 10 17

Sargodha 31 20 23 13 17 7 16 4 20 8 24 12 36 20 24 12 18

Multan 32 21 26 16 20 8 21 6 21 10 26 13 38 21 26 14 20

Bahawalpur 36 22 30 15 25 8 23 8 24 11 31 16 42 26 30 15 23

D.G.Khan 32 23 26 18 21 11 19 7 23 11 28 15 40 22 27 15 21

Lahore 33 15 28 13 21 6 17 2 19 6 29 14 35 19 26 11 18

Gujranwala 31 17 27 12 20 7 15 3 19 6 29 14 33 17 25 11 18

Faislabad 32 16 27 11 20 5 16 3 21 6 31 15 33 19 26 11 18

Rawalpindi 29 14 25 10 19 5 15 3 22 7 30 14 31 16 24 10 17

Sargodha 31 17 25 12 19 6 15 2 17 5 31 15 33 18 24 11 17

Multan 33 18 28 14 22 8 18 4 20 7 26 14 38 21 26 12 19

Bahawalpur 36 20 32 15 23 7 20 5 24 7 30 15 42 24 30 13 21

D.G.Khan 32 20 27 15 19 9 16 4 19 7 28 15 40 22 26 13 19

Lahore 35 20 29 13 23 8 20 6 23 10 29 14 33 18 27 13 20

Gujranwala 31 19 26 11 20 7 16 5 21 9 27 13 34 19 25 12 18

Faislabad 32 20 27 12 20 8 19 6 21 9 29 15 33 20 26 13 19

Rawalpindi 31 16 25 10 19 7 16 4 19 7 25 11 31 16 24 10 17

Sargodha 33 20 27 11 20 7 18 6 21 8 29 14 34 19 26 12 19

Multan 33 21 28 14 21 9 20 8 24 11 29 16 35 20 27 14 21

Bahawalpur 38 20 33 17 23 9 21 7 26 11 32 15 38 20 30 14 22

D.G.Khan 34 22 28 14 19 8 17 6 22 11 27 16 32 19 26 14 20

Simple (Irri) 0.29 0.38 0.34 0.26 0.25 0.35 0.56 0.43 0.20 0.27 0.07 0.09 0.11 0.17 0.29 0.38 0.39

(Unirri) -0.30 -0.14 -0.12 0.11 -0.22 0.09 0.07 -0.24 -0.13 -0.13 -0.41 -0.59 -0.08 -0.29 -0.28 -0.30 -0.35

Rank   (Irri) 0.26 0.36 0.37 0.25 0.35 0.44 0.55 0.35 0.15 0.22 0.04 0.01 0.09 0.11 0.31 0.34 0.34

(Unirri) -0.21 -0.19 -0.05 0.13 -0.19 0.17 0.14 -0.20 -0.16 -0.12 -0.30 -0.59 -0.04 -0.26 -0.17 -0.27 -0.27
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There is 0.34 positive association between overall average temperature of the 

season and yield in irrigated area where as 0.27 negative association in un-

irrigated area. 

 

4.3 Model Building for Wheat Projection 
 
 In this section, various models on various stages and categories of 

data have been developed and their utility has been discussed through 

empirical study. The distribution of this section is based on different stages 

and different categories under discussion. 

 

4.3.1 Choice of Regression Technique 

In the first step of model building, type of regression or model is 

specified. As the response variable is continuous quantitative i.e. it measures 

quantity of wheat yield in kilogram in a plot of 15 x 20 sq. ft and also out of 41 

explanatory variables, 15 variables are categorical, therefore ‘Multiple Linear 

Regression’ technique is proposed for model building. An important 

assumption of normality of response variable is verified and illustrated by the 

following histogram and P-P plot using yields of 25036 sample plots from all 

over the province, given in the Figure 4.4. 
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           Figure 4.4  Histogram & P-P Plot of Wheat Production of Punjab 
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Verification of linear relationship between response and explanatory variables 

is not checked when some of predictors are categorical. In the current study, 

as it has been mentioned earlier, out of 32 explanatory variables, 15 are 

categorical. Therefore linearity check is not necessary in this case, 

Montgomery (2003)  

 

As distribution of error terms is same as of the response variable, therefore 

error terms will be also normally distributed like dependent variable Yield. 

Normal distribution of error terms is one of the important assumptions for 

Multiple Linear Regression. Rest of assumptions will be discussed while 

dealing with the regression diagnostics.  

 

4.3.2 Choice of Model With / Without Intercept 

 Both kinds of Linear Regression Models with or without intercept are 

used for model building purpose. The choice is based on the predictive 

performance of the models. A model possessing better prediction quality is 

obviously selected for operational use. 

 

Initially two models on Punjab level are developed; one using with intercept 

and second without intercept term. For each type, further two types of models 

have been developed; one using weighted rainfalls and secondly using total 

rainfalls as one of the regressor variables. Table 4.27 contains important 

information of both types of models. 

Table 4.27:Comparative Performance of Models With / Without Intercepts 

 

Making comparison of both types of models, it is evident that all are 

significant, as P value is much less than 0.05. But there is a considerable 

difference between values of R² of both models i.e., model without intercept 

R² MSE
Model 
Sig.

R² MSE
Model 
Sig.

With Intercept 0.385 5.241 0.000 0.383 5.258 0.000
Without Intercept 0.924 5.255 0.000 0.924 5.273 0.000

Models Comparison
Rainfalls

Weighted TotalModel Type
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accounts for 92.4% variation in the yield whereas model with intercept 

explains only 38.5% and 38.3% variation of the response variable in case of 

weighted and total rainfalls, respectively. 

 

Value of R² in case of model without intercept is much higher than that of 

model with intercept (though both values have different interpretations 

because model without intercept always has higher value of R² than the 

model with intercept due to a constant term in the later case, which accounts 

for a maximum variation in the response variable), but MSE of model without 

intercept is increased as compared to the value of MSE of model with 

intercept. While comparing two models, Sum of Squares of Errors is more 

important predictive performance parameter of a model as compared to R², 

Hahn (1979) i.e. betterment in quality of prediction by a model is measured by 

lower value of MSE rather by higher value of R². So it is evident from Table 

4.27 that models with intercept, both for weighted and total rainfalls, are giving 

better prediction quality as compared to the models without constant term. 

Hence a model without constant term will not be used as a final model for 

wheat projection. 

 

Also excluding a constant term from a model causes a considerable increase 

in multicollinearity among the regressor variables. Further discussion on the 

constant term is made in the Section: 4.3.6.1(a).             

   

4.3.3 Divisional Level Modeling 

Initially, various independent models for each division of the Punjab 

have been developed and their important parameters are compared to check 

their suitability. 

 
 
 As it has been discussed earlier in Section 4.1 that Pakistan agriculture is 

mostly dependent on climate and in climatic parameters amounts of rainfalls 

are the most important that cause significant changes in the production of any 

crop.  
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Considering the importance of rainfalls for wheat production, three types of 

models for each division have been developed: firstly, a sum of total rainfalls 

in the whole Rabi season i.e. ‘TotalRains” as one of the explanatory variables, 

secondly weighted rainfalls i.e. ‘WtRains’ of the season and thirdly individual 

rainfall of each Rabi month i.e. ‘AllRains’ have been used as predictors along 

with other explanatory variables. 

 
Table No 4.28 bears first column of ‘Division Name’, second column of total 

sample share from the relevant division, third column has three types of 

rainfall related variables, as mentioned above, using as predictors along with 

other predictors, fourth column possesses proportion of explained variation 

R², fifth column has value of Durbin-Watson test as a check for auto-

correlation, sixth column has value of Mean Square Error (MSE), seventh 

column has P-value against F test for significance of the model, eighth column 

is about the coefficient of rainfall related variable in the model, ninth column 

shows number of significant variables in the particular model and last tenth 

column possesses name of rainfall related insignificant variables.  

 

A detailed comparison of these all information of different divisional models 

can lead to the best model choice.       

 

Column No seven of Table 4.28 possesses P-value against F test, which 

shows significance of the models. It is evident from Table 4.28 that all models 

are significant; no one is bad fit. Now the best fit out of all good fits has to be 

selected. 

 

It is common in all the divisional models that R² and MSE of ‘WtRains’ never 

be less than corresponding R² and MSE of ‘TotalRains’. In five out of eight 

divisions, values of R² and MSE, in case of ‘WtRains’ are greater than 

corresponding values in case of ‘TotalRains’. Only in three divisions i.e. 

Lahore, Faislabad and Sargodha the values are same in both cases. 
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Table 4.28:Comparison of Divisional Models Using Weighted, Total &  

                       AllRains Variables in the Punjab 

 
 

 

 

 

 

 

 

 

 

TotalRains 0.383 1.029 4.768 0.000 - 27 TotalRains

WtRains 0.385 1.030 4.761 0.000 0.003 27 -

AllRains 0.374 1.011 4.827 0.000 - 19 Nov, Dec, Jan, Feb

TotalRains 0.454 0.977 3.189 0.000 0.001 15 -

WtRains 0.454 0.978 3.189 0.000 0.009 16 -

AllRains 0.452 0.972 3.200 0.000 - 15
Oct, Nov, Dec, Jan, 
Feb

TotalRains 0.326 1.140 5.263 0.000 - 18 TotalRains

WtRains 0.326 1.140 5.263 0.000 - 18 WtRains

AllRains 0.327 1.145 5.252 0.000 - 17
Oct, Nov, Dec, Jan, 
Feb, Mar

TotalRains 0.257 1.293 5.397 0.000 0.003 13 -

WtRains 0.257 1.293 5.399 0.000 0.009 13 -

AllRains 0.258 1.296 5.391 0.000 - 15 Oct, Nov, Jan, Apr

TotalRains 0.458 0.989 3.773 0.000 0.003 20 -

WtRains 0.458 0.989 3.774 0.000 0.012 20 -

AllRains 0.457 0.988 3.774 0.000 - 19 Oct, Dec, Feb, Apr

TotalRains 0.290 1.114 5.310 0.000 0.009 22 -

WtRains 0.291 1.115 5.300 0.000 0.031 20 -

AllRains 0.295 1.119 5.279 0.000 - 21 Nov, Jan, Feb, Apr

TotalRains 0.319 1.172 4.925 0.000 0.019 15 -

WtRains 0.321 1.175 4.913 0.000 0.066 16 -

AllRains 0.322 1.175 4.911 0.000 - 16 Nov, Jan, Mar, Apr

TotalRains 0.307 1.061 4.782 0.000 0.005 16 -

WtRains 0.309 1.061 4.775 0.000 0.014 18 -

AllRains 0.311 1.064 4.762 0.000 - 21 Nov, Apr

Insignificant Rain 

Variables

Comparison of All Divisional Models
Sample 

Points
Divisions R² DW MSE

Model 

Sig.

Coeff. 
In 

Model

No. of Sig. 

Variables

Rain 

variables

Gujranwala 4120

Rawalpindi 2016

Lahore 2988

Faislabad 2832

Sargodha 3090

Multan 4794

Bahawlpur 2622

DGKhan 2574
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As it has been discussed in Section 4.1 that rainfalls are indispensable for a 

good production of wheat, so behavior of sum of individual rainfalls of each 

Rabi month has also observed in each divisional model. Against the rain 

variable ‘AllRains’, independent rainfall of each Rabi month has been used as 

a predictor in the model. It is important to highlight that as the variation in the 

rainfalls of each Rabi month decreases, statistically they become insignificant 

and the software SPSS drops them from the study of modeling. But it is 

logically not true that rainfalls are insignificant in estimating wheat production. 

 

In all the divisional models, against the variable ‘AllRains’, rainfalls of some of 

Rabi months verified insignificant. For instance, in Gujranwala model, rainfalls 

of month Nov, Dec, Jan and Feb verified insignificant, wherein it is the prime 

period of Rabi season when the crop needs timely watering. Similarly, in all 

the other divisional models, rainfalls of main Rabi months verified insignificant. 

Though, in some cases, they have a little higher value of R² as compared to 

the case of  ‘WtRains’, but they cannot be preferred as a final operational 

model for yield estimation of wheat. 

 

As argued in the last paragraph that a model ignoring the role of amount of 

rainfalls in the projection of wheat cannot be logically true because SPSS 

declares the variable as insignificant in model building steps having minimum 

variation, which does not mean that rainfalls have no role in the production of 

wheat. So the variable ‘AllRains’ is not further discussed in model building 

choice.  

 

After removal of ‘AllRains’, a selection has to be made between the models of 

‘TotalRains’ and ‘WtRains’. On comparison of both types of the models, it is 

evident that ‘WtRains’ variable verified insignificant only in one case of 

Rawalpindi division when “TotalRains’ and ‘AllRains’ are also insignificant 

because of minor variation in the rainfalls. In rest of all the other cases of 

divisional models, ‘WtRains’ was verified as a significant contributor to the 

yield. Similarly, in Gujranwala model, both ‘TotalRains’ and ‘AllRains’ were 

insignificant but ‘WtRains’ was significant. 
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Another important comparison was made in the eighth column of Table 4.28 

with title ‘Coeff in Model’. It bears the coefficients of ‘TotalRains’ and 

‘WtRains’ variables in their respective models. In all the cases, value of 

coefficient of ‘WtRains’ is more than the value of coefficient of  ‘TotalRains’, 

which depicts that per unit change in the yield of wheat against one unit 

change in ‘WtRains’ is more than that of ‘TotalRains’ i.e. ‘WtRains’ contributes 

more significantly as compared to ‘TotalRains’. For example, in case of 

Bahawalpur model, both ‘WtRains’ and ‘TotalRains’ are significant in their own 

models and their coefficients are 0.066 and 0.019, respectively. It can be 

interpreted that against 1 mm increase in weighted rainfall causes 66 gm 

increase in the yield of wheat per area of 300 ft² where as this increase in 

case of ‘TotalRains’ is 19gm. Consequently, because of better contribution, 

MSE in case of ‘WtRains ‘ is less than that of ‘TotalRains’. 

 

Fifth column of Table 4.28 shows value of Durbin-Watson test for auto 

correlation check. In all the cases except the models against Rawalpindi and 

Sargodha divisions, its value is more than 1 and many researchers have used 

1+ value of Durbin-Watson test as an acceptable value. 

 

4.3.4 Provincial Level Modeling 

After construction of divisional level modeling, various models on the 

Punjab level are constructed. On comparison of divisional and provincial level 

models, the best one is to be selected. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 96

Table 4.29: Comparison of Provincial Models Using Weighted, Total &  

                       AllRains Variables in the Punjab  

 

 

 

Like divisional models, all models on provincial level are also significant i.e. no 

one is bad fit as shown in the column no 9 of Table 4.29. Following the 

divisional level pattern, models of three types of Punjab’s areas were 

developed: first for irrigated, second for un-irrigated and thirdly by combining 

both irrigated and un-irrigated areas. As it is evident from Table 4.29 that 90% 

of Punjab area is irrigated and only 10% is un-irrigated, but they have 

significant difference in production of wheat. Same parameters for comparison 

of Punjab level models were used as in case of divisional level modeling. 

 

Fourth column of Table 4.29 shows that value of R² against ‘WtRains’ is more 

than that of ‘TotalRains’ and consequently MSE of ‘WtRains’ is less than MSE 

of ‘TotalRains’ in all levels modeling. 

 

Here also individual rainfalls of important months of Rabi are insignificant. 

Like in case of Irrigated area model, rainfalls of November, December and 

March are insignificant, in case of Un-irrigated area model rainfalls of almost 

all the Rabi months are insignificant and in the overall model of Punjab, 

rainfalls of November and March are insignificant, which is not parallel to the 

TotalRains 0.245 1.6995 1.7106 1.022 5.464 0.000 0.003 30 -

WtRains 0.248 1.6962 1.7069 1.024 5.446 0.000 0.013 29 -

AllRains 0.251 1.6918 1.7051 1.027 5.422 0.000 - 33
Nov, Dec, 

Mar

TotalRains 0.358 1.1368 1.1773 0.957 3.094 0.000 0.003 17 -

WtRains 0.365 1.1303 1.1798 0.971 3.065 0.000 0.004 20 -

AllRains 0.380 1.1072 1.1634 0.992 2.996 0.000 - 20

Oct, Nov, 

Dec, Jan, 

Feb

TotalRains 0.384 1.6594 1.6698 1.013 5.250 0.000 0.003 31 -

WtRains 0.386 1.6562 1.6669 1.015 5.234 0.000 0.013 32* -

AllRains 0.389 1.6514 1.6637 1.019 5.207 0.000 - 36 Nov, Mar

Comparison of All Provincial Models

Area

Sample 

Points

Rain 

variables
R² DW MSE

Model 

Sig.

Coeff. 
In 

Model

No. of 

Sig. 

Variable

Punjab 25036

Insig. 

Rain 

Variable

Irrigated 22428

Un- 
irrigated 2608

AIC SIC
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ground reality. So models using individual rainfalls of Rabi months as 

predictors are not suitable for projection of yield of wheat though they have a 

little better value of R² and MSE. 

 

In provincial level modeling, two important criteria, Akaike Information 

Criterion (AIC) and Schwarz Information Criterion (SIC), for the selection of 

competing models have been used. These both criteria impose a harsher 

penalty on involving more number of regressor in the model than Adj R². 

Comparing AIC and SIC, later imposes more harsher penalty on number of 

regressor in the model than first one. A model with the lowest value of AIC / 

SIC is preferred among its competing models. Main advantage of these 

criteria is that the model with least value of AIC / SIC is also useful for not only 

in-sample but also out-sample forecasting performance, Gujarati (2003) 

 

Fifth and sixth column of Table 4.29 bears values of AIC and SIC for each 

corresponding model respectively. In all the WtRain models, values of AIC 

and SIC are lower than the model with TotalRAin i.e. these both criteria also 

indicate like R² and MSE that model with WtRain is better than TotalRain. 

Also these criteria support the final selection of the model on Punjab level 

using WtRain as a regressor.             

 

Excluding the models of ‘AllRains’, in all the rest of models, ‘WtRains’ models 

are better than ‘TotalRains’ in all respects. For example, in both type of 

models of Irrigated and Un-irrigated areas, R² is higher, MSE is less and 

Durbin-Watson test value is more than 1 in case ‘WtRains’ as compared to 

‘TotalRains’. So on the basis of maximum value of R², least value of MSE and 

lower value of AIC / SIC, the ‘WtRains’ model against overall Punjab area is 

the best one and is selected as the final acceptable model for the estimation 

of wheat production.  

 

By applying different regression diagnostics, the quality of the final model can 

be improved i.e., value of R² can be increased from 0.386, MSE can be 

decreased from 5.234 and ultimately better estimates would be achieved. 
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4.3.5 Final Selection of Model for Wheat Projection 

The final model is decided as mentioned in the last section. An ANOVA 

table and other important information of the proposed model before applying 

any regression diagnostic is given in Table 4.30. 

 

Table 4.30: ANOVA Table & Explained Variation by Model 

 

As the value of P is 0.000, which depicts that the model is significant or 

appropriate. The value of MSE is 5.234, R² is 0.386 and value of Durbin 

Watson test for autocorrelation is 1.015 that shows no any serious problem of 

autocorrelation in the response variable. 

 

Now some more assumptions of Multiple Linear Regression are verified and 

regression diagnostics are applied so that quality of the proposed model may 

be improved and consequently a final version of operational model would be 

achieved.  

 

(vii) Constant Variance 

In Multiple Linear Regression, an important assumption is that the 

response variable should have a constant variation. For this purpose the 

Figure 4.5 is given, 

 

Model
Sum of 
Squares

df
Mean 

Square
F Sig R² Adj R² 

Regression 82099.80 32 2565.62 490.23 0.000 0.386 0.385 1.015
Residuals 130854.20 25003 5.234 - - - - -
Total 212954.00 25035 - - - - - -

A N O V A Explained Variation
Durbin 
Watson
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                          Figure 4.5: Variation of Wheat Production in Punjab 

 

Figure 4.5 shows that there is a fixed or constant variance in the response 

variable i.e. yield of wheat is equally dispersed in throughout the sample data 

of 25036 plots. It is depicted by a rectangular shape of response variable in its 

graphical presentation i.e. there is no upward or downward or any cyclical 

trend in the data. In case of such type of trends, certain transformations are 

implemented to make the variance of response variable constant. 

 

(viii) Outliers  

The Figure 4.6 shows a diagrammatic presentation of values of 

standardized residuals by fitting a Multiple Linear Regression Model on the 

given data.  

                    
                     Figure 4.6: Standardized Residuals of Wheat Estimates 
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As depicted in Figure 4.6, there are some values out of 25036 observations 

that are beyond the limits of 3, which are outliers. By omitting these outliers 

from the data, the following Figure 4.7 is obtained. 

 

                    
                      Figure 4.7: Standardized Residuals Excluding Outliers  

  

Now these total observations are 24902 i.e. 134 (only 0.535%) values have 

been dropped being the outliers. By removing the outliers, the quality of 

projection by the proposed model is improved as depicted in the following 

ANOVA Table 4.31. 

 

Table 4.31: ANOVA Table & Explained Variation by Model 

  

The new improved model is also a good fit as value of P < 0.05, value of MSE 

is reduced to 4.941, R² is increased to 0.403 and value of Durbin Watson test 

is increased to 1.029. These are the indicators that exclusion of outliers from 

that data has improved the quality of the model. 

 

(ix)  Influential / Leverage Values 

An influential or leverage value may have a great impact on the overall 

quality of prediction by the model. Also illogical signs of coefficients of 

Model
Sum of 
Squares

df
Mean 

Square
F Sig R² Adj R² 

Regression 82875.39 31 2673.40 541.07 0.000 0.403 0.402 1.029
Residuals 122880.90 24870 4.941 - - - - -
Total 205756.30 24901 - - - - - -

A N O V A Explained Variation
Durbin 
Watson
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predictor’s variables, which cannot be interpreted with reference to the real 

ground situation, unsustainable coefficients and dropping an important 

variable being statistically insignificant, are all due to the influential values. 

 

Accounting for the importance of influential values, two techniques have been 

used to detect them: Cook’s Distance and Covariance Ratios. 

 

- (a) Cook’s Distance 

      It is one of the techniques to be used to detect influential values. It 

is denoted by Di and its cutoff value is 1 i.e. values for which Di>1 are treated 

as influential values.  

 
                                            Figure 4.8 Cook’s Distance                                         

 

Figure 4.8 shows that there is no influential value in the data as the maximum 

value of Di is 0.0012, which is far below than cutoff value 1. So as per Cook’s 

Distance theory, the data of 25036 observations is free of any influential 

value. 

 

- (b) Covariance Ratio 

      It is also an influential value detecting technique, which is mostly 

recommended for a big sample size.  Its cutoff values are 1± 3p/n, where p 

stands for the number of column vectors in the matrix X. Here value of p is 38 

and n is 25036. Therefore cutoff points are 1.00455 and 0.99545 i.e. values 

beyond these points would be treated as influential. 
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                                                Figure 4.9: Covariance Ratios 

 

Figure 4.9 shows that all the values of the data do not fall within the limits of 

cutoff points i.e. there are some influential values in the data as the minimum 

value of covariance ratio is 0.97481 and maximum is 1.00572. 

 

Total 760 (3.04%) out of 25036 observations are discarded being the 

influential values on the basis of their covariance ratios. The following ANOVA 

Table 4.32 shows the changes in the proposed model. 

Table 4.32: ANOVA Table & Explained Variation by Model 

 

This model is also significant or a good fit as P value is less than 0.05. Values 

of both MSE and R² are improved and they are 4.199 and 0.449, respectively. 

Hahn (1973) explored that the value of R² is directly proportional to the 

variation in regressor variables. As in the study 21 regressor variables are 

categorical, so value of R² cannot be increased substantially from its current 

value. Value of Durbin Watson test is also better. On the whole, by extracting 

influential values using covariance ratio technique, the quality level of the 

model is improved.  

 

Model
Sum of 
Squares

df
Mean 

Square
F Sig R² Adj R² 

Regression 83085.99 33 2517.76 599.63 0.000 0.449 0.449 1.083
Residuals 101788.00 24242 4.199 - - - - -
Total 184874.00 24275 - - - - - -

A N O V A Explained Variation
Durbin 
Watson
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    (iv)  Normality of Residuals 

One of the assumptions of Multiple Linear Regression is that errors 

terms must be normally distributed i.e. there must be no particular trend in the 

distribution of error terms. The following Figure 4.10 shows histogram and P-P 

plot of error terms. 

  

Figure 4.10: Histogram & P-P Plot of Standardized Residuals 

 

Both histogram and P-P plot of standardized residuals show that there is no 

serious issue of abnormality in the error terms. All the points / observations 

are dispersed along the straight line in the P-P plot that shows that neither of 

the tail of normal curve is thick and it is also illustrated by the histogram of 

Regression Standardized Residuals.    

 

    (v)  Multicollinearity 

 Multicollinearity refers to the linear dependency in the regressor 

variables, which makes the regression coefficients unstable, immature results 

of statistical inferences and unrealistic signs with the regression coefficients. 

Due to the existence of multicollinearity, model coefficients are dramatically 

changed with the change of sample.  

 

The most widely used diagnostic for multicollinearity is Variance Inflation 

Factor (VIF). The value of VIFs should be as low as possible for the indication 

of absence of multicollinearity. A value of VIF more than 10 shows a serious 

problem of multicollinearity, Montgomery (2003). Referring Table 4.33 of Final 
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Model, the last column shows value of VIF against each regressor variable. It 

is revealed that no value of VIF is greater than 10, rather not greater than 8. It 

is a clear indication that there is no serious problem of multicollinearity in the 

model, i.e. all explanatory variables are linearly independent.           

 

4.3.6 The Final Selection of Operational Model 

 Following the initial important Multiple Linear Regression diagnostics, 

now the final model is presented in Table 4.33.   

 

Referring Table 4.33, out of total 41 explanatory variables (given in Table 3.1), 

33 (given in the first column of Table 4.33) are statistically verified significant 

as column six of Table 4.33 bears P value of each regressor variable. No P 

value is greater than 0.05, i.e. these variables really contribute to the variation 

in the response variable; Yield of wheat. Also Standard Errors of regression 

coefficients are nominal i.e. all values of standard errors are less than 1 that 

shows their stability.       
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Table 4.33: The Final Acceptable Model for Operational Use 

 

 

 

 

 

 

 

 

β Std. Error

1 Constant 2.976 0.300 9.917 0.000 - -
2 Unirrigated -1.965 0.072 -27.382 0.000 0.353 2.834

3 Variety 0.290 0.029 10.135 0.000 0.848 1.180

4 Seed_From 0.415 0.036 11.360 0.000 0.927 1.079

5 DAP 0.022 0.001 36.151 0.000 0.753 1.328

6 Urea 0.015 0.000 30.608 0.000 0.556 1.800

7 No_Plough 0.173 0.011 15.518 0.000 0.609 1.641

8 No_Level 0.088 0.016 5.621 0.000 0.644 1.553

9 No_Water 0.117 0.012 9.496 0.000 0.392 2.549

10 Disease -0.262 0.049 -5.327 0.000 0.909 1.100

11 Spray 0.756 0.029 25.848 0.000 0.837 1.194

12 WtRain 0.013 0.001 18.410 0.000 0.503 1.987

13 STNov1 0.209 0.061 3.430 0.001 0.215 4.652

14 STNov2 -0.174 0.062 -2.790 0.005 0.190 5.269

15 STDec1 -0.645 0.069 -9.368 0.000 0.282 3.551

16 STDec2 -1.370 0.076 -17.978 0.000 0.397 2.521

17 T_Oct_Min -0.024 0.007 -3.405 0.001 0.397 2.517

18 T_Oct_Max 0.029 0.008 3.757 0.000 0.422 2.370

19 T_Nov_Min 0.016 0.007 2.330 0.020 0.426 2.346

20 T_Nov_Max 0.030 0.008 3.718 0.000 0.280 3.568

21 T_Dec_Min 0.114 0.011 10.648 0.000 0.279 3.584

22 T_Dec_Max -0.072 0.010 -7.504 0.000 0.225 4.441

23 T_Jan_Min 0.083 0.013 5.563 0.000 0.257 3.888

24 T_Jan_Max 0.085 0.007 12.261 0.000 0.248 4.038

25 T_Feb_Min -0.046 0.009 -4.939 0.000 0.286 3.496

26 T_Feb_Max 0.017 0.008 2.090 0.037 0.195 5.135

27 T_Mar_Min 0.074 0.010 7.286 0.000 0.374 2.673

28 T_Apr_Min -0.038 0.009 -4.072 0.000 0.269 3.711

29 T_Apr_Max -0.038 0.007 -5.317 0.000 0.340 2.943

30 Humidity_Oct 0.012 0.003 4.570 0.000 0.257 3.885

31 Humidity_Nov -0.010 0.002 -4.548 0.000 0.235 4.259

32 Humidity_Dec -0.017 0.003 -5.866 0.000 0.138 7.252

33 Humidity_Jan 0.032 0.002 13.558 0.000 0.224 4.472

34 Humidity_Apr -0.034 0.002 -20.354 0.000 0.391 2.559

S. 
No

M O D E L Collinearity Statistics

Variables
Unstandarized Coefficients

t Sig Tolerance VIF
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(A)    Interpretation of Regression Coefficients 

  Interpretation of each coefficient of regressor variable involved in the 

final operational model is independently given below. 

 

a) Constant 

 The model does not pass through the origin i.e. it has a non-zero y-

intercept, means in any case yield of wheat will not be zero if all other 

parameters are fixed except in the case of irregular variation like flood, hailing 

or fire etc, which cannot be accommodated in the model.    

 

It also logically true that, excluding irregular variations, yield of a plot cannot 

be zero that’s why a model without intercept has not been selected as a final 

model for wheat projection as earlier discussed in the Section: 4.3.2.   

 

According to the model, keeping all the parameters fixed, yield of a plot will be 

2.976 kg per plot of 300 ft² (11.58 m/ac) 

 

b) Un-irrigated 

 As it has been discussed in Section 4.2.4 that agricultural land of 

Punjab is divided in to two categories: irrigated and un-irrigated. In descriptive 

study Section 4.2, it was given in Table 4.12 that 90% of such land is irrigated 

and rest of 10% is un-irrigated. As it is said that production of wheat in 

irrigated area is more than that of un-irrigated one, it is same depicted by the 

coefficient of regressor Un-irrigated. Type of irrigated area is used as a base 

category and coefficient –1.965 depicts that wheat production is decreased on 

the average by 1.965 kg per plot (7.64 m/ac or 285.30 kg/ac) when category 

is switched from Irrigated to Un-irrigated.  

 

c) Variety 

 There are more than six varieties of seed that are mostly applied for 

wheat in the Punjab. But half of farmers use Inqlab-91 variety in the province 

(Referring Table 4.14), so it has been used as a base category as mentioned 

in the Section 4.2.6, comparing it with rest of other varieties as a second 
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group. The coefficient 0.290 of regressor variable Variety shows that 

production of other varieties is more than Inqlab-91 i.e. production is 

increased on the average by 0.290 kg per plot (1.13 m/ac or 42 kg/ac) when 

category of variety is switched from Inqlab-91 to others. 

 

d) Seed_From 

 In Punjab, seed of wheat is obtained from two sources; government 

certified seed and other is own farmers home seed. It was revealed in Table 

4.13 that only 20% farmers use certified seed of wheat. As a big majority of 

farmers of the province use home seed, so it has been used as a base 

category. The coefficient 0.415 of variable Seed_From shows that wheat 

production is increased on the average by 0.415 kg per plot (1.61 m/ac or 

60.25 kg/ac) when category of source of seed is switched from Own Home to 

Certified.    

 

e) DAP Fertilizer 

 Two major varieties of fertilizers are used in the Punjab over the crop of 

wheat: DAP and Urea. These both varieties are included in the study as 

independent regressor variables. The quantity of fertilizer used has been 

measured in kg, not in number of bags. The coefficient against the variable 

DAP shows that wheat production is increased on the average by 0.022 kg 

per plot (0.086 m/ac or 3.19 kg/ac) against 1 kg increase in the quantity of 

fertilizer DAP. 

 

f) Urea Fertilizer 

 Fertilizers Urea and DAP are applied in a specific proportion on the 

crop of wheat. As shown in the descriptive study that these fertilizers are 

rarely used alone because a combination of both fertilizers returns a better 

result rather than application of any one of them. The coefficient of Urea 

depicts that production of wheat is increased on the average by 0.015 kg per 

plot (0.058 m/ac or 2.18 kg/ac) against 1 kg increase in the quantity of Urea.    
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g) Number of Plough (No_Plough) 

 Mostly tractors are used for ploughing in the province. The variable has 

been recorded as the number of times ploughs were used prior to the sowing 

time of wheat. A well preparation of soil by ploughing causes a better 

production of the crop. The coefficient of No_Plough depicts that yield of 

wheat is increased on the average by 0.173 kg per plot (0.67 m/ac or 25.12 

kg/ac) against one count increase in the number of plough. 

 

h) Number of Level (No_Level) 

 After ploughing, leveling is also used for balanced distribution of water, 

seed and fertilizers throughout the field. A poor leveling may cause poor 

distribution of inputs and consequently a poor production of the crop. The 

variable No_Level is also measured as a count of number of leveling applied. 

Its coefficient reveals that yield of wheat is increased on the average by 0.088 

kg per plot (0.34 m/ac or 12.78 kg/ac) against one count increase in the 

number of levels. 

 

i) Number of Water (No_Water) 

 As it has been discussed in Section: 4.1, number of waters applied to 

the crop is changed proportional to the availability of timely rainfalls. In case of 

increase in the timely rainfalls, number of water is decreased and vice versa. 

The variable No_Water is measured as a counter of total number of water 

applied to the crop up to its maturity level. Its coefficient says that average 

production of wheat is increased by 0.117 kg per plot (0.46 m/ac or 16.99 

kg/ac) against one count increase in the number of water. 

 

j) Disease 

 The crop of wheat may face various diseases during its any life stage 

due to a short / excess input or because of any climatic / soil distortion. 

Descriptive Study reveals that there is a considerable difference of yields 

between healthy and diseased crops and it is same depicted here by the 

coefficient of variable Disease. It has been measured in Yes (diseased) and 

No (no disease) and No has been used as base category because most of the 

crop in the province was disease free. The coefficient of variable Disease 
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depicts that production of wheat is decreased on the average by 0.262 kg per 

plot (1.02 m/ac or 38.04 kg/ac) when switching from healthy to diseased crop.       

 

k) Spray 

 Spray of pesticides for particular diseases or weeds is essential when 

the crop is facing such a problem in order to get a better production. It is 

measured with the variable Disease that either the farmer has used any spray 

on the crop or not. Like Disease variable, it also has been measured in Yes 

(sprayed) and No (not sprayed). The base category is No as the most of 

farmers do not spray their crops. Its coefficient depicts that production of the 

crop is increased on the average by 0.756 kg per plot (2.94 m/ac or 109.76 

kg/ac) when switching from no spray to sprayed category. It also emphases 

the utility of pesticides spray on the crop. 

 

l) Weighted Rainfalls (WtRain) 

 The idea of weighted rainfalls has been discussed in detail in the 

Section: 4.1. Now the behavior of regressor variable WtRain in the model is 

discussed. The coefficient of WtRain is 0.013, which reveals that against 1 

mm increase in the amount of weighted rainfalls causes an increase of 0.013 

kg yield of wheat per plot (0.051 m/ac or 1.89 kg/ac). In case of regressor 

variable TotalRain, its coefficient is 0.003, which reflects that TotalRain 

causes less increase in the yield as compared to WtRain.      

 

m) Sowing Time (STNov1, STNov2, STDec1, STDec2) 

 It has been observed in the Descriptive Study Section: 4.2 that sowing 

time of wheat plays an important role in the production of the crop. As its 

sowing is delayed, the yield is gradually decreased. Same pattern is depicted 

by the variables related to the sowing time period.  

 

Sowing time is divided in to five categories i.e. up to October (base category), 

first half of November (STNov1), second half of November (STNov2), first half 

of December (STDec1) and second half of December and later (STDec2). 

The following Table 4.34 shows changes in the yield of wheat in different 

sowing periods with reference to base category, 
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Table 4.34: Sowing Time Variable’s Categories & Interpretation of their  

                     Coefficients 

 

With in parenthesis positive sign shows direct and negative sign shows 

inverse relation between sowing time and quantity of yield. As indicated in 

Table, first half of November is the best for getting the maximum yield of 

wheat. As the sowing of the crop is delayed, the yield gradually decreases 

with respect to the base category of sowing period (up to October) and 

minimum yield is obtained against the crop, which is sown in the last half of 

December or later. 

 

These results are very much parallel to the ground reality and according to the 

instruction / guide line given to the farmers by the Agriculture Department of 

Punjab.        

 

n) Variables of Seasonal Temperatures 

 It has been discussed in the Descriptive Study Section: 4.2 that 

production of wheat is extremely dependent on the climatic parameters of the 

province in which temperatures in the months of the whole Rabi season are 

very important. Average of maximum and minimum temperatures of each 

Rabi month have been used as independent regressor variables. Only 

average maximum temperature of March (T_Mar_Max) is statistically verified 

insignificant but rests of all 13 variables regarding temperature are 

significantly contributing to the yield as shown in Table 4.33. 

 

The following Table 4.35 summarizes the interpretations of the coefficients of 

temperature variables.      

 

Per Plot 
(kg)

Per Acre 
(m)

Per Acre 
(kg)

STNov1 (+) 0.209 0.813 30.34
STNov2 (-) 0.174 0.677 25.26
STDec1 (-) 0.645 2.509 93.65
STDec2 (-) 1.370 5.329 198.91

Change in Yield w.r.t Base 
Category (up to Oct)

Sowing 

Time 

Variables
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Table 4.35: Temperature Variables & Interpretation of their Coefficients 

  

As mentioned in case of Table 4.34, positive and negative signs show direct 

and inverse relation between temperature and yield of the crop respectively.  

 

The coefficient against the variable T_Oct_Min (average minimum 

temperature of October) can be interpreted as against 1°C increase / 

decrease in the average minimum temperature of October causes a decrease 

/ increase in the yield of wheat by 0.024 kg per plot (0.093 m/ac or 3.485 

kg/ac). But relation between average maximum temperature of October 

(T_Oct_Max) and yield is positive, which can be interpreted that as the 

variation between maximum and minimum temperatures of month of October 

increases, the production of wheat also increases and vice versa. Same 

opposite pattern between maximum and minimum temperatures can be vetted 

in case of December and February. This pattern of temperatures can be 

reversed in case of negative temperatures but the data possess no negative 

temperature. In the Punjab winter season, temperature rarely goes down from 

0°C especially in wheat growing areas.   

 

Temperatures of November, January and April have same directional pattern. 

Like in case of maximum average temperature of January (T_Jan_Max) yield 

per plot is increased by 0.085 kg (0.331 m/ac or 12.341 kg/ac) as average 

Per Plot 
(kg)

Per Acre 
(m)

Per Acre 
(kg)

T_Oct_Min (-) 0.024 0.093 3.485

T_Oct_Max (+) 0.029 0.113 4.211

T_Nov_Min (+) 0.016 0.062 2.323

T_Nov_Max (+) 0.030 0.117 4.356

T_Dec_Min (+) 0.114 0.443 16.552

T_Dec_Max (-) 0.072 0.280 10.454

T_Jan_Min (+) 0.083 0.323 12.051

T_Jan_Max (+) 0.085 0.331 12.341

T_Feb_Min (-) 0.046 0.179 6.679

T_Feb_Max (+) 0.017 0.066 2.468

T_Mar_Min (+) 0.074 0.288 10.744

T_Apr_Min (-) 0.038 0.148 5.517

T_Apr_Max (-) 0.038 0.148 5.517

Temp 
Variables

Change in Yield against 1 °C 
Change in Temperature
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maximum temperature is increased by 1°C. Similarly almost same quantity of 

yield is increased against 1°C increase in average minimum temperature of 

the month. (T_Jan_Min). It can be collectively interpreted that when wintriness 

in the month of January increases, yield of wheat is negatively affected. It is 

also parallel to the real ground situation that in winter season when 

temperature considerably goes down, a thin layer of frost appears on the top 

of wheat plants in morning / dawn time, which damages the germination of the 

crop. It is important to highlight that minimum temperature of a winter season 

is mostly recorded in the month of January in Punjab.           

 

Average minimum and maximum temperatures of April (T_Apr_Min and 

T_Apr_Max) have negative coefficients mean that they have inverse relation 

with the yield of wheat. Coefficient of T_Apr_Min is –0.038, which can be 

interpreted that as temperature is increased by 1°C, the yield of a 

experimental plot is decreased by 0.038 kg (0.148 m/ac or 5.517 kg/ac). 

Same change is occurred in case of maximum temperature of the month.  

 

It is also very much parallel to real ground observations. At the end of March 

and start of April, wheat crop is in its last maturity level and germination of 

grain is on its peak as it gains weight and bigger size during this period. If 

temperature rises unusually during this time slot, germination of grain is 

instantaneously stopped, it gets dried in minor weight and size and 

consequently production of the crop is decreased. Same problem was faced 

by Punjab in Rabi season 2010-11 as production of wheat was considerably 

decreased as compared to the previous years when maximum temperature 

raised to 35°C from an average routine temperature of 25°C during this time 

period each year. Also size of wheat grain during the year 2010-11 was small 

in size as compared to a general size of wheat grain in the Punjab. A 

moderate temperature during April causes a better production of wheat. 

 

o) Variables of Seasonal Humidity  

 Average humidity level, measured in percentage, of each Rabi month 

has been used as an independent regressor variable in the model. Humidity 

of two Rabi months February and March (Humidity_Feb & Humidity_Mar) 
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verified statistically insignificant and ultimately dropped out of the study. 

Humidity level of other five months is statistically significant as mentioned in 

the model Table 4.33. 

 

Humidity (proportion of moisture in air) is also one of the parameters on which 

wheat production is based. The following Table 4.36 has a summary of 

interpretation of significant humidity variables. 

 

Table 4.36: Humidity Variables & Interpretation of their Coefficients 

 

Humidity of October / January has positive and November / December  / April 

has negative impact on the yield of wheat. The major impact of humidity on 

yield is of January and April. The coefficient against variable Humidity_Jan 

can be interpreted as against 1% increase in humidity causes 0.032 kg 

increase in the yield of wheat per plot (0.124 m/ac or 4.646 kg/ac). Similarly 

maximum change against Humidity_Apr is interpreted as; there is 0.034 kg 

decrease in the yield per plot (0.132 m/ac or 4.936 kg/ac) against 1% increase 

in humidity of the month. 

 

A main cause of increase in humidity is rainfall. In the discussion of Weighted 

Rainfalls Section: 4.1, different weights have been assigned to different 

amounts of monthly rainfalls of Rabi season. The highest weight  (0.668) is 

assigned to amount of January rainfall i.e. January rainfall has maximum 

positive impact on the production of wheat as compared to rest of all the Rabi 

months. Same pattern can be observed in case of January humidity, it also 

has maximum positive impact on the yield. Both results of weighted rainfall 

and humidity of January validate each other.    

Per Plot 
(kg)

Per Acre 
(m)

Per Acre 
(kg)

Humidity_Oct (+) 0.012 0.047 1.742

Humidity_Nov (-) 0.010 0.039 1.452

Humidity_Dec (-) 0.017 0.066 2.468

Humidity_Jan (+) 0.032 0.124 4.646

Humidity_Apr (-) 0.034 0.132 4.936

Humidity 
Variables

Change in Yield Against 1% 
Change in Humidity
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Harvesting of wheat is started from the mid of April and is completed at the 

end of April or maximum in the first week of May. For harvesting of the crop, a 

dry and hot weather is essential. When crop is ready for harvesting, a cats 

and dogs rainfall and increase in humidity cause damage to the crop as it lays 

down along the ground and production is loosed.   

 

Another important result is highlighted that minimum weight was assigned to 

rainfall of March i.e. it has minimum impact on the yield of wheat as compared 

to others months of Rabi. Similarly humidity of March is statistically verified 

insignificant i.e., it also has no impact on the production of wheat. Again both 

results prove validity of each other.  

 

4.4 Validation of the Model 

 After development of the model and conduction of its all-necessary 

diagnostics, validity of the model is examined before putting it into an 

operational form. Validity means its behavior in making prediction of the yield 

for given set of the data, discrepancies raised in its working form and quality 

of prediction for the new set of data. 

 

In this section, a comparison between actual yield and projected yield by the 

model for given set of data on districts, divisional and provincial levels 

independently for irrigated and un-irrigated areas is made and quality of 

projection is vetted. Further to observe the behavior of the model for new set 

of data, wheat data of Sargodha division comprising Sargodha, Khushab, 

Nianwali and Bhakhar districts for the year 2009-10 is used and comparison 

between actual and predicted values is made.        

 

4.4.1 Analysis of Magnitudes / Signs of Coefficients of the Model 

 In the first phase of validation of a model, magnitudes and signs of the 

coefficients of the model are analyzed / compared with the prior experience, 

physical theory and their realistic status, Snee (1977). 

 

Firstly signs of all the coefficients of the final model are analyzed. In the whole 

model no sign of a coefficient of a regressor variable is unrealistic and 
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unstable i.e. they are all according to the physical theories of agricultural 

science, prior experiences conducted on small scales and general perception 

regarding the production of wheat. In the individual interpretation of each 

regressor variable logical meaning of signs have been discussed in the 

Section: 4.3.6.1. 

 

Magnitude wise all coefficients are reasonable and no coefficient has shown 

an extraordinary increase / decrease. For more comparable and compact 

comprehension, amount of each coefficient has been expressed in per plot, 

m/ac and kg/ac and nothing has shown exceptional value.   

 

Stability of the coefficients can be examined by vetting their respective 

standard error S.E (β) and the value of VIF given in the fourth and last column 

of Table 4.37, respectively.  

 

The maximum S.E (β) is 0.076 (only 5.5% variation) against the regressor 

variable STDec2 (sowing time of wheat in the second half of December), 

which, in spite of the highest standard error, is a reasonable value. All others 

regressor variables have much less standard errors than 0.076 that reflect a 

sound stability of the coefficients of the final model.  

 

Similarly, the maximum value of VIF for multicollinearity check is 7.252 

against the regressor variable Humidity_Dec, which is an acceptable value as 

a VIF value greater than 10 reflects a serious problem of multicollinearity, 

Montgomery (2003). Rests of all regressor variables have VIFs much less 

than 7, which is an indication of stability of the coefficients of the model. 

 

4.4.2 Confirmation Runs 

 In this phase of validity checking of the model, its predictive 

performance is examined for the given set of data taking different dimensions 

of the data like its projection behavior for the whole data, for different 

divisional data segments, for irrigated / un-irrigated areas and for fresh set of 

data. A reasonable projection level of estimates reflects an acceptable 

practical usage of the model. 
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i) Confirmation Runs for the Whole Data 

The following Table 4.37 contains a comparison of actual average yield 

of wheat (m/ac) with projected yield by the model on district, divisional and 

provincial levels independently for irrigated / un-irrigated areas. 

 

Referring Table 4.37, the overall Squares of Residuals (SR) shows that the 

model predictive performance is good. On the Punjab level SR is 0.004 

including both irrigated and un-irrigated areas, which is quite good. For 

irrigated and un-irrigated areas independently, it is 0.000 and 0.051 

respectively, which reflects that model predictive performance is a little bit 

better in irrigated case as compared to un-irrigated one.     

 

On divisional level, the highest SR is 1.638 in case of D.G.Khan division; in 

spite of maximum value, it is acceptable SR. Where as on district level, SSR 

is in two digits only in case of Narowal and Okara districts out of 35 districts 

i.e. 11.244 and 13.144 respectively. In rest of all the districts, it is less than 10. 

 

Referring Table 4.37, it is observed that bigger value of SR is happened only 

in the case where the number of data points is comparatively less. For 

instance Rawalpindi and Chakwal districts mostly comprise un-irrigated areas 

and a few sample points fall in irrigated areas that’s why SR for irrigated area 

is 23.267 and 76.470 and for un-irrigated area 1.317 and 0.011, respectively. 

It is clearly revealed from the results that the model is behaving well in case of 

sufficient number of data points and nothing is wrong with the model 
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Table 4.37: Comparison of Actual and Projected Districts Average Yields 

 

 

Irri Unirri Total Irri Unirri Total Irri Unirri Total
Gujranwala 4120 30.58 18.28 29.46 31.12 16.96 29.86 0.297 1.719 0.161

Gujranwala 864 32.81 - 32.81 35.20 - 35.20 5.742 - 5.742
Gujrat 576 28.37 17.17 24.57 25.95 15.88 22.60 5.817 1.658 3.905
Sialkot 846 28.58 16.88 28.23 30.79 18.28 30.44 4.882 1.961 4.848
Narowal 598 30.01 20.18 27.63 26.15 18.28 24.28 14.891 3.604 11.244
Hafizabad 594 32.22 15.63 31.98 32.42 15.75 32.20 0.043 0.015 0.046
M.B.Din 642 30.29 - 30.29 31.45 - 31.45 1.344 - 1.344
Rawalpindi 2016 31.42 16.93 18.26 30.30 17.22 18.42 1.264 0.085 0.025
Rawalpindi 672 26.49 18.47 18.57 21.66 19.62 19.64 23.267 1.317 1.153
Attock 552 30.64 17.51 18.87 32.27 17.69 19.22 2.644 0.033 0.125
Jehlam 228 33.62 17.98 24.58 33.03 15.84 23.08 0.345 4.594 2.266
Chakwal 564 26.25 14.27 14.78 17.51 14.16 14.31 76.470 0.011 0.225
Lahore 2988 33.49 - 33.49 33.99 - 33.99 0.260 - 0.260
Lahore 408 32.89 - 32.89 30.16 - 30.16 7.415 - 7.415
Sheikupura 540 30.96 - 30.96 30.63 - 30.63 0.104 - 0.104
Nankana Sb 432 34.07 - 34.07 34.48 - 34.48 0.167 - 0.167
Kasur 828 33.80 - 33.80 33.52 - 33.52 0.078 - 0.078
Okara 780 34.93 - 34.93 38.56 - 38.56 13.144 - 13.144
Faislabad 2832 32.20 - 32.20 33.08 - 33.08 0.787 - 0.787
Faislabad 1008 32.31 - 32.31 32.48 - 32.48 0.029 - 0.029
Jhang 1062 30.28 - 30.28 32.83 - 32.83 6.492 - 6.492
T.T.Singh 762 34.77 - 34.77 34.24 - 34.24 0.288 - 0.288
Sargodha 3090 29.35 9.28 26.74 27.80 10.50 25.47 2.409 1.501 1.618
Sargodha 936 30.07 - 30.07 29.04 - 29.04 1.063 - 1.063
Khushab 576 25.58 9.62 19.73 25.21 10.99 20.08 0.134 1.886 0.120
Mianwali 624 28.12 8.64 23.88 27.66 9.85 23.83 0.214 1.473 0.002
Bahkhar 954 30.82 9.56 29.60 27.65 10.21 26.63 10.026 0.422 8.833
Multan 4794 33.61 - 33.61 34.15 - 34.15 0.284 - 0.284
Multan 762 31.91 - 31.91 31.77 - 31.77 0.019 - 0.019
Khanewal 882 33.77 - 33.77 34.86 - 34.86 1.186 - 1.186
Vehari 876 31.79 - 31.79 32.94 - 32.94 1.317 - 1.317
Lodhran 666 32.83 - 32.83 33.36 - 33.36 0.280 - 0.280
Sahiwal 906 34.67 - 34.67 33.70 - 33.70 0.931 - 0.931
Pakpattan 702 36.99 - 36.99 38.65 - 38.65 2.759 - 2.759
Bahawalpur 2622 31.73 - 31.73 31.44 - 31.44 0.083 - 0.083
Bahawalpur 648 28.84 - 28.84 31.78 - 31.78 8.671 - 8.671
Bahawalngar 978 33.26 - 33.26 31.75 - 31.75 2.302 - 2.302
R.Y.Khan 996 32.08 - 32.08 30.93 - 30.93 1.317 - 1.317
D.G.Khan 2574 31.35 13.05 31.26 30.05 16.34 29.98 1.678 10.805 1.638
D.G.Khan 534 28.58 13.05 28.21 30.02 16.34 29.66 2.072 10.805 2.083
Rajanpur 534 31.08 - 31.08 30.36 - 30.36 0.518 - 0.518
Layyah 660 31.72 - 31.72 29.23 - 29.23 6.198 - 6.198
Muzffergarh 846 32.96 - 32.96 30.53 - 30.53 5.892 - 5.892
P U N J A B 25036 31.90 15.93 30.21 31.91 16.15 30.27 0.000 0.051 0.004

Divisions 
/Districts

Estimates Comparison of Wheat Production in Punjab 2005-09

Residuals²Sample 
Points

ActualEstimates by Model

Average Yield (m/ac)
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Actual & Model Projected District Wheat Yield 2005-09, Punjab
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Figure 4.11: Comparison of actual and projected by model district wheat yield, Punjab 

 

ii) Confirmation Runs for Yearly Data       

 Now the model behavior for independent yearly data is observed. 

Table 4.38 contains a comparison of estimates of wheat by the model with its 

actual production segregated on the basis of different years. 

 

Referring Table 4.38, on the Punjab level SR is below 1 in all the years i.e. 

projection quality of the model for each independent year is also quite 

reasonable. The minimum value of SR 0.044 is against 2005-06 and 

maximum 0.570 is against 2008-09 but the difference between them is 

minimal that is; it can be said that the model is equally good for each year. 

Similarly, wheat estimates SR by the model, independent for irrigated and un-

irrigated areas for each year, are mostly less than 1 that is; the model is 

equally a good predictor for both types of areas.  

 

On divisional level, the highest and the lowest values of SR 20.187 and 

10.101 are against irrigated area of Rawalpindi and un-irrigated area of 

Gujranwala divisions for the year 2008-09, respectively. The reason, as 

discussed in the last section, is that Rawalpindi division is not mainly irrigated 

and Gujranwala division is not mainly un-irrigated that is; less number of data 

points fall in these areas of their respective divisions that’s why residuals are 

comparatively higher. It is revealed from the results given in Table 4.38 that 
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predictive performance of the model increases as sample share of a particular 

area increases.  

 

Table 4.38:  Comparison of Yearly Actual and Projected Divisional Average  

                     Yields 

 

 

 

 

Irri Unirri Total Irri Unirri Total Irri Unirri Total
Gujranwala 1014 29.54 16.27 28.15 30.93 14.65 29.22 1.918 2.631 1.153
Rawalpindi 522 30.88 14.81 16.17 31.98 15.09 16.58 1.203 0.078 0.167
Lahore 714 32.31 - 32.31 32.08 - 32.08 0.054 - 0.054
Faislabad 672 31.02 - 31.02 31.63 - 31.63 0.373 - 0.373
Sargodha 780 28.49 8.96 26.24 27.25 9.18 25.16 1.540 0.047 1.161
Multan 1038 32.05 - 32.05 30.74 - 30.74 1.708 - 1.708
Bahawalpur 702 28.32 - 28.32 27.62 - 27.62 0.490 - 0.496
D.G.Khan 528 29.18 - 29.18 28.73 - 28.73 0.197 - 0.197
P U N J A B 5970 30.27 14.26 28.44 30.02 14.22 28.23 0.064 0.002 0.044
Gujranwala 1024 30.78 19.98 29.74 30.19 21.69 29.39 0.354 2.956 0.117
Rawalpindi 534 34.66 19.18 20.59 34.00 20.69 21.89 0.432 2.278 1.668
Lahore 768 34.02 - 34.02 35.40 - 35.40 1.896 - 1.896
Faislabad 690 33.09 - 33.09 34.15 - 34.15 1.120 - 1.120
Sargodha 768 31.80 10.67 29.05 29.04 12.53 26.93 7.585 3.443 4.462
Multan 1176 34.66 - 34.66 35.43 - 35.43 0.593 - 0.593
Bahawalpur 498 33.63 - 33.63 35.40 - 35.40 3.133 - 3.133
D.G.Khan 648 32.29 - 32.29 32.25 - 32.25 0.001 - 0.001
P U N J A B 6106 32.98 18.05 31.28 33.18 19.66 31.67 0.041 2.581 0.151
Gujranwala 1038 29.87 18.40 29.18 30.12 16.07 29.28 0.060 5.448 0.010
Rawalpindi 522 31.00 16.24 17.95 29.61 14.24 16.00 1.929 4.013 3.783
Lahore 762 32.35 - 32.35 32.28 - 32.28 0.006 - 0.006
Faislabad 726 30.62 - 30.62 31.28 - 31.28 0.427 - 0.427
Sargodha 768 27.02 7.84 24.48 25.00 8.88 22.90 4.076 1.079 2.494
Multan 1308 31.67 - 31.67 31.44 - 31.44 0.053 - 0.053
Bahawalpur 708 31.22 - 31.22 29.13 - 29.13 4.380 - 4.380
D.G.Khan 684 29.41 - 29.41 27.62 - 27.62 3.202 - 3.202
P U N J A B 6516 30.47 15.09 28.98 29.84 13.56 28.28 0.407 2.349 0.485
Gujranwala 1044 32.09 18.64 30.75 33.25 15.46 31.51 1.344 10.101 0.587
Rawalpindi 438 28.11 17.54 18.32 23.62 18.95 19.29 20.187 1.972 0.946
Lahore 744 35.28 - 35.28 36.15 - 36.15 0.759 - 0.759
Faislabad 744 33.99 - 33.99 35.17 - 35.17 1.398 - 1.398
Sargodha 774 30.16 9.60 27.20 29.95 11.25 27.29 0.043 2.708 0.008
Multan 1272 35.94 - 35.94 38.52 - 38.52 6.692 - 6.692
Bahawalpur 714 34.40 - 34.40 34.76 - 34.76 0.128 - 0.128
D.G.Khan 714 33.65 - 33.65 31.12 - 31.12 6.393 - 6.393
P U N J A B 6444 33.84 16.24 32.08 34.55 17.00 32.83 0.496 0.575 0.570
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Residuals²

Estimates by Model Actual
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Figure 4.12:   Comparison of yearly actual and projected by model divisional wheat 

yield, Punjab 
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iii) Confirmation Runs for Fresh Data 

 To vet the projection behavior of the model for new set of data, wheat 

production data of 786 randomly selected plots from Sargodha division 

comprising four districts namely Sargodha, Khushab, Mianwali and Bhakhar 

for the year 2009-10 has been used. Table 4.39 bears divisional and districts 

estimates of wheat by the model along with the actual production results.     

 

Table 4.39: Comparison of Actual and Projected Average Yield for 2009-   

                    10 in Respect of Sargodha Division 

 

The main problem occurred with the wheat production in the year 2009-10 

that temperature suddenly raised unexpectedly at the end of March causing 

the grain of wheat got dried in the small size i.e. germination of wheat grain 

was stopped prior to its routine maturity level and resultantly, the production 

decreased unusually. Also, the predictive performance of the model, as 

depicted in Table 4.39, is comparatively not better as in the case of other 

years given in Table 4.38. It was quite rare variation, which usually occurs 

once in a decade. The model well accommodates all the routine variations of 

the Rabi season and returns good estimates of wheat irrespective of any 

particular year and zone. 

 

As the number of sample points in un-irrigated area of each district of the 

division is a few, so the estimate of wheat production for un-irrigated area on 

the divisional level is much better than the individual estimates of the said 

area on district level. Also it is important to highlight that Sargodha division is 

not mainly an un-irrigated area rather its 87% area is irrigated and rest of 13% 

is un-irrigated as shown in Table 4.12.               

 

Irri Unirri Total Irri Unirri Total Irri Unirri Total
Sargodha 786 31.75 7.78 29.90 26.51 7.78 24.94 27.458 0.000 24.602
Sargodha 234 31.06 - 31.06 25.42 - 25.42 31.810 - 31.810
Khushab 156 26.90 6.40 22.70 23.98 7.62 20.62 8.526 1.488 4.326
Mianwali 156 35.40 13.93 31.82 28.52 7.13 24.95 47.334 46.240 47.197
Bahkhar 240 32.99 9.20 32.20 27.84 10.53 27.27 26.523 1.769 24.305

Estimates Comparison of Wheat Production in Sargodha Division 2009-10

Divisions 
/Districts

Sample 
Points

Average Yield (m/ac)
Residuals²

Estimates by Model Actual
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The highest square of residuals (47.197) is in case of Mianwali district and 

lowest (4.326) is in case of Khushab district. 
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Chapter No. 5 
 

Agricultural Survey & Unequal Probability 
Sampling  

 

In this chapter, as discussed in Chapter No.2, a new sampling 

methodology for the determination of probability of selection for the cases 

where more than one measure of sizes are involved, especially in the case of 

agricultural sample surveys, has been proposed. The proposed sampling 

design should be adopted by the Agriculture Department, Government of the 

Punjab for better estimation of yield of a crop. So far no effort has been made 

for the cases of this sort in the literature of unequal probability sampling / 

probability proportional to size sampling. In this part of the study, a method 

has been developed to merge two measures of sizes in to one, which has 

combined proportional affect of both measures of sizes. It is an 

unprecedented effort like weighted rainfall methodology, discussed in Section 

4.1. A comparative study, using Horvitz – Thompson (1952) estimator and 

taking examples from agricultural surveys have been carried out to see the 

performance of the new methodology. 

For a better comprehension of the proposed technique, the sampling design 

of the existing sample is discussed. 

 

5.1 Introduction to Unequal Probability Sampling 

           This term has been defined by Marriot (1990) in his “Dictionary of 

statistical terms” as “A method of selection in which units are selected with 

probability proportionate to a given measure related to the characteristics 

under study is called unequal probability sampling or Probability Proportional 

to Size (PPS) sampling”. 

 

Like equal probability sampling, concept of sampling with replacement and 

sampling without replacement can be implemented in case of probability 

proportional to size sampling. 
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A brief description of unequal probability sampling with replacement and 

without replacement is given as follow:          

 

(i) PPS Sampling With Replacement 

           It is also known as multinomial sampling suggested by Hartley & Rao 

(1962). Basic theory of PPS sampling with replacement was developed by 

Hansen & Hurwitz (1943). They allocated the selection probability to ith unit of 

the population given by 
Z

Z
P i

i   where iZ  is the measure of size for ith 

population unit and 



N

i
iZZ

1

. 

 

They further proposed the following estimator for population Y to use with 

PPS sampling with replacement, 
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The variance of this estimator is given by, 
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(ii) PPS Sampling Without Replacement 

                   The concept of PPS sampling without replacement was first used 

by Madow (1949) but did not provide any theoretical framework for this 

technique. Narian (1951) provided a selection procedure but without any 

theoretical framework.. 

 

Horvitz & Thompson (1952) were the first to provide a complete theoretical 

framework for this technique and suggested the following estimator for the 

population total, 
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Horvitz & Thompson developed the following variance formula for the above 

estimator, 

       
 







N

i

N

ji
ji

ji

jiij
i

i

i
HT YYYYVar

1 1

21






  

 

5.2 Design of Existing Sample 

 The size of existing sample is 1086 villages from a population of 25914 

villages of the province, PBS (2010). As discussed in the Section 1.4, wheat is 

the most important staple food of Pakistan and agricultural policies of any 

government are mostly wheat oriented. Pakistan faced a very serious problem 

of wheat shortage in 1977 then government realizing the importance of 

accurate and in time crop estimates, established an independent wing of 

Agriculture Department of the Punjab named as Crop Reporting Service 

(CRS), solely responsible for the handling of agricultural statistics of all the 

crops of the province. Declaration of estimates of acreage and produce of a 

crop, especially for wheat, are the prime tasks of the wing. 

 

For the selection of villages from the whole province, stratified random 

sampling was used and stratification factor was cropped area under wheat. All 

the villages were stratified in to five strata depending on the acreage of wheat 

and then sample of 1200 villages was randomly selected, FBS (2001). The 

size of the sample was subject to the financial and field force constraints. 

Later on due to different reasons e.g. lack of funds for preparation of survey 

maps, survey material, hiring and training of new staff, establishment of new 

offices, difficult access to far flung selected villages and by chance random 

selection of very nearly located villages etc., some villages were dropped out 

and now survey work is conducted in 1086 operational villages.  

 

With the passage of time various parameters of agricultural activities are 

changed in different areas of the province e.g. continuous use of one type of 

fertilizer changes the chemistry of soil of a particular area, due to increase in 

the population cultivated area of a village is merged in to residential area, due 

to a good / poor profit of a crop, trend of sowing of the crop is significantly 



 126

changed and due to a change in climatic parameters, trend and yield of a crop 

is changed in a specific area of the province. These are a few reasons that’s 

why a selected sample of villages for agricultural survey purpose is replaced 

by a new one after almost one decade. The current running sample, selected 

in 2001, is the third one since the establishment of CRS in 1978, as an 

independent body of Agriculture Department of the Punjab.         

 

Though the running sample is the third one but design of sampling i.e. 

stratification on the basis of wheat acreage is same in all the three samples. 

There is a change of village’s location and number of villages but the 

methodology of sampling in all the three cases is same. 

 

5.3 Flaws in the Existing Sample 

 After a discussion of the existing design of running sample and its brief 

history, there are a few flaws in the sample, which are highlighted one by one 

as below. 

 

 Like the previous samples, the existing sample, selected in 

2001, is also based on the wheat acreage, but CRS is engaged 

in acreage / yield estimation surveys of all the crops. 

 

 Though the importance of wheat is unquestionable but with the 

passage of time / circumstances importance of other crops has 

also increased like Pakistan has been facing a very serious 

problem of sugarcane since 2009, as the price of sugar was 

Rs30/ kg in 2009 and at the end of 2010 it was Rs.110/ kg, PBS 

(2010). Government is putting a special emphasis on sugarcane 

crop. 

 

 The wing CRS conducts agricultural surveys regarding acreage / 

yield of all the crops in both Rabi and Kharif seasons. A sample 

mainly selected on the basis of wheat acreage cannot produce 

good estimates of other crops, as there are now five major crops 

of Punjab: wheat, rice, cotton, sugarcane and maize, CRS 
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(2009). A selected sample may have sufficient cropped area 

under wheat but minor areas under other major crops.  

 

 In different forums of agricultural related discussion, this 

question is mostly raised that why there is a single sample for 

both Rabi and Kharif seasons? Why not two separate samples 

for Rabi and Kahrif, independently? But due to the reasons 

explained in Section 5.1.1, two different selections of samples 

are expensive and could not be accomplished so far.  

 

 There are certain verities of crops, which are especialties of 

Punjab. For instance: mango and citrus fruits in Multan division 

and Sargodha district, respectively. These both types of fruits 

are liked world wide and exported to other countries each year. 

Because of importance of these fruits, CRS conducts regularly 

acreage / yield estimation surveys on the especially selected 

sample villages separately for these fruits, a part of the routine 

1086 sample villages. It is a clear manifestation of need of a 

separate sample of a specific crop because a sample cannot 

accommodate the variation of all the crops equally.        

 

 More than 85% farmers of the Punjab have land less than 12½ 

acres and titled as ‘Small Farmers’, PBS (2010). An average 

production of a crop in a village under one land lord is different 

to the average for a village with a number of small farmers, as a 

financially sound land lord uses better quality / quantity of inputs 

on a crop and resultantly receives a good produce as compared 

to the produce gained by small farmers from their crops. It leads 

to the need that while choosing a sample design, priority should 

be given to the villages with a more number of small farmers, as 

they have 85% share in the population.      
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These all points, highlighted above, are tried to be addressed in the proposed 

methodology of sampling design using unequal probability sampling design / 

probability proportional to size sampling technique.   

 

5.4 Objective of the Proposed Sampling Technique 

 The whole discussion so far made on the topic of descriptive study and 

model building of wheat crop in the Section 4.2 and Section 4.3, respectively, 

is based on the sample of villages taken from the whole province with the 

understanding that the sample represents the province wheat wise. So far as 

wheat is concerned, the sample is representative and results are reliable, as 

observed in the model building and validation steps. But for the other crops, 

same sample cannot return as reliable results as in case of wheat because 

sample selection was made only on the basis of wheat. It reflects the 

significance of sample design with respect to the study. Obviously, a poorly 

selected sample cannot represent the population and reliable conclusions 

cannot be drawn using inferential statistics.   

 

All the points flashed in the Section 5.2 lead to the use of unequal probability 

sampling design with more than one measure of sizes / priorities. As 

discussed in the Section 5.2 that a representative cannot be selected using 

only one measure of size and obviously, a separate sample for each measure 

of size is much expensive and physically impractical. There is a need of a 

technique for merging more than one measure of sizes into a single one 

having a combined proportional affect of all the priorities and to make the 

unequal probability sampling method applicable.   

 

It would be important to discuss that averaging correlated data does not 

necessarily have reduced variances, especially in case of fields closely 

situated near to each other. But the proposed method shows a reduction in 

variance even in such cases, which depicts a goodness of the method.    

 

In the existing literature of unequal probability sampling, only one measure of 

size is used. The new method is an unprecedented effort to merge more than 
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one measure of sizes in to one so that problems highlighted in the Section 5.2 

could be addressed. 

 

5.5 The Proposed Methodology 

 In case of unequal probability sampling design, a sample with varying 

probabilities of selection for each unit is selected. The probability of 

selection iP  of ith unit is proportional to its relevant measure of size iZ , and 

importantly, they are directly allied. The variable Z is highly correlated with 

the variable of interest Y .  

 

To find the probability of selection iP of ith unit, using iZ , the following relation 

is used,                                  
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such that, 
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i
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1
1  

There are N population units and their respective probabilities of selection iP  

depending on their respective importance / measure of size. 

 

There are many practical situations, as discussed in the Section 5.2, when it 

is required to select a sample using the technique of Probability Proportional 

to Size Sampling with consideration of more than one measure of sizes, i.e. 

there are two or more variables that are highly correlated with the main 

variable of interest. In such cases, there is a need of selection of a sample 

having proportional effect of both measures of sizes.   

 

For instance, it may be desired to select a sample of villages using Probability 

Proportional to Size Sampling method giving consideration to two important 

measures of sizes like: 
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i) ‘Acreage of the village’ as 1Z and ‘Acreage of wheat in the 

village’ as 2Z , i.e. the villages having more area as well as more 

wheat cultivation are more likely as compared to the villages 

having more area but less wheat cultivation or villages having 

less area but more wheat cultivation i.e. selection of sample 

villages should be proportional to 1Z & 2Z .     

 

ii) ‘Wheat Acreage of the village’ as 1Z in Rabi season and 

‘Acreage of cotton in the village’ as 2Z  in Kharif season, i.e. the 

villages having more wheat acreage as well as more cotton 

acreage are more likely as compared to the villages having more 

wheat acreage but less cotton acreage and vice versa.     

 

iii) ‘Average per acre yield of wheat’ as 1Z  and ‘Average per acre 

yield of cotton as 2Z also can be used.       

 

iv) To avoid the absolute values, ‘proportion of wheat acreage of the 

village’ as 1Z and ‘proportion of cotton acreage of the village’ as 

2Z may be used. 

 

v) In all the above cases, the measuring unit of 1Z and 2Z are 

same i.e. acreage, which can be added directly. But their units 

may be different like ‘Acreage of village’ as 1Z and ‘Number of 

small farmers in the village’ as 2Z  i.e. a village with more area 

and more number of small farmers should have more probability 

of selection and vice versa. 

 

Importantly, as discussed in Section 5.2, there are multiple variables of 

interest over the same selected sample.   
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5.5.1 Mathematical Derivation of the Method 

Let there is a population of size ‘N’ and two measures of sizes iZ 1  

and iZ 2 for ith unit of the population iY . Calculation of probability of 

selection iP1  and iP2 for each unit of population, independently for each 

measure of size as follows,  
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As both measures of sizes are statistically independent, so the joint probability 

of selection can be calculated as, 

 

                                        ii PP 21  iP1 . iP2  

 

But the joint probability of selection is not collective exhaustive, which is the 

mandatory condition for the application of any kind of selection procedure in 

unequal probability selection design, 

 

         i.e,                      
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To make the joint probability as collectively exhaustive, the following constant 

value is added, 
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Where CiP is the Combined Probability of selection of ith unit of population in 

the sample proportional to the measure of sizes iZ 1  and iZ 2 such that, 
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i
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1
1  

 

Now against each unit of population iY , probability of selection CiP  contains 

the combined effect of both measure of sizes iZ 1  and iZ 2 , proportional to 

their quantities.  Now any conventional selection procedure can be 

implemented on the data to estimate the required parameter of interest.  

 

Addition of a constant to each probability does not alter the variance in the 

variable of interest, as variance is independent of origin and scale. Similarly 

this idea can be extended for multiple measures of sizes. 

 

5.6 Empirical Study of the Method 

 To check the validity of the proposed method, the well-known selection 

procedure (draw – by – draw) of Brewer (1963) and Horvitz – Thompson 

(1952) estimator for the estimation of population total, is used. The estimator 

is  
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Where 

i  is the probability of inclusion of ith  unit in the sample in all possible 

draws. 

Probability of inclusion i and joint probability of inclusion ij of Brewer  

(1963) selection procedure are given below, 

                                  i iP2  
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In case of one measure of size, coefficient of simple correlation between iY  

and iZ is calculated. As this coefficient increases, the variance obtained by 

the Brewer (1963) procedure decreases and vice versa. In case of zero 

coefficient of correlation, the procedure approaches to simple random 

sampling. 

 

But in case of two measures of sizes, partial coefficient of correlation is 

calculated between variable of interest and one measure of size removing the 

effect of other measure of size.   

 

Two agricultural based experimental populations are considered for empirical 

study, 

 

CASE- I: 

                        iY   :     7,    12,    14,    17,    20 

                        iZ 1 :     4,      7,      8,      9,     12 

                       iZ 2 :     1,      2,      4,      5,      8 

Where 

iY   : Total cultivated area of a village, 

iZ 1 : Total cropped area under wheat in Rabi season (October to April). 

iZ 2 : Total cropped area under cotton in Kharif season (May to Sept). 

 

The objective is to determine the probability of selection of each village 

proportional to the combined cropped area of wheat and cotton i.e. a village 

having more cropped area of wheat and cotton, should have more probability 

of selection in the sample.   

 

For the given population, 



 134

The coefficients of simple correlation are 

       98747.0
1
yzr 95902.0

2
yzr     ;             97065.0

21
zzr  

The coefficients of partial correlation are 

        83058.0
21 . zyzr            ;               01402.0

12 . zyzr  

 

Using the proposed method, the probability of selection for each village of 

population is as follows: 

                             iY                       CiP       

                               7                        0.15725 

                              12                       0.16975 

                              14                       0.19225 

                              17                       0.20850 

                              20                       0.27225 

 

The maximum probability of selection 0.27225 is against the last village 

because it has maximum total cropped area of both crops. Though it also has 

maximum cultivated area. 

 

Now applying Brewer (1963) selection procedure three times as for 

iY & iP1 , iY & iP2  and iY  & CiP  independently, the following variances of 

the estimator are obtained, 

 

Between  HTYV  

iY & iP1  3.43 

iY & iP2  236.98 

iY  & CiP  54.38 

 

The variance between iY  & CiP is 54.38, which lies in between other two 

variances rather near to the smaller variance, which depicts the goodness of 

the proposed method. 
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CASE-II: 

                        iY   :     32,    18,    52,    16,    42,    48 

                        iZ 1 :       3,      2,      5,      1,     4,       6 

                       iZ 2 :       2,      4,      2,      5,     3,       9 

Where 

 iY   : Total cultivated area of a village, 

 iZ 1 : Total cropped area under vegetables. 

 iZ 2 : Total cropped area under sugarcane. 

 

Like the previous case, the objective is to determine the probability of 

selection of each village proportional to the combined cropped area of 

vegetables and sugarcane i.e. a village having more cropped area of 

vegetables and sugarcane, should have more probability of selection in the 

sample. 

 

Similarly for the given population, the coefficients of simple correlation are 

   95235.0
1
yzr   ;         05625.0

2
yzr     ;   30377.0

21
zzr  

The coefficients of partial correlation are 

        98321.0
21 . zyzr            ;               80196.0

12 . zyzr  

Using the new method, the probability of selection for each unit of population 

is   as follows: 

 

                             iY                        CiP       

                              32                       0.147942 

                              18                       0.151742 

                              52                       0.155554 

                              16                       0.146030 

                              42                       0.159370 

                              48                       0.239362 
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The third village has total 52 cultivated area, but only 5 and 2 cropped area 

under vegetables and sugarcane, respectively and the last village has 

comparatively less cultivated area i.e. 48, but more cropped area under 

vegetables and sugarcane i.e. 6 & 9, respectively. Consequently, the village 

with more cultivated area has less probability of selection i.e. 0.155554 and 

less cultivated area has more probability of selection i.e. 0.239362, which 

indicates the utility of the proposed method. 

 

By applying the Brewer’s procedure, the values of variances are, 

Between  HTYV  

iY & iP1  546.84 

iY & iP2  11944.78 

iY  & CiP  2326.19 

Again variance for iY  & CiP is smaller and closer to the smallest variance. It 

is important to note that in both cases  HTYV  for iY  & CiP falls in between 

others two. Also in case of one measure of size  HTYV  is associated with 

simple coefficient of correlation. But in case of two measures of sizes, it is 

associated with partial coefficient of correlation. So it is revealed that  HTYV  

in case of one measure of size is incomparable with  HTYV  in case of two 

measures of sizes.  

 

All the flaws mentioned in the Section 5.2 can be addressed by using the 

proposed method; as in all the cases more than one measure of sizes have 

been highlighted. Because this technique is easily extendable for any number 

of sizes, so a general sample giving priorities to the acreage of all the major 

crops, number of small farmers and size of the village etc. Similarly, for 

Sargodha districts, a single sample on the basis of wheat, cotton and citrus 

fruit area, can be selected, which would be equally good for each one.  
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The method of more than one measure of sizes is not only valid in agricultural 

based sample surveys rather it is valid for all kinds of social surveys where 

the technique of unequal probability sampling is implemented. 
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Chapter No. 6 
 

Conclusions & Recommendations 
 
 In this chapter a detailed discussion of the output and impact of the 

study according to the objectives of the study given in the Section 1.4 is 

made. Lastly different recommendations for future researchers have been 

made for the sake of enhancement in the current research work of agricultural 

statistics in different dimensions. Also some suggestions for government 

organizations engaged in the handling and collection of agricultural statistics 

of the province have been made. 

 

6.1  Summary 

The proposed model is independent of time binding i.e. it might be valid 

for any year, as it has been observed in model validity Section 4.4. By 

inputting parameters of a particular year, it returns estimates of wheat for the 

year. It is important to highlight that in each year, regressor variables involved 

in the model are not dramatically changed that’s why average yield of wheat 

per acre remains almost consistent with a little bit variation each year. The 

total production of wheat of the province mainly depends on the total area 

under cultivation of the crop each year.  The gross production of the crop is 

increased / decreased with the increase / decrease in its acreage.   

 

As discussed in the Chapter No 4, the proposed model will not behave ideally 

in estimating yield in case of irregular variations, which occur rarely. So its 

predictive performance for a routine year with usual inputs is quite 

satisfactory, as seen in Confirmations Runs Section 4.4.2. 

 

In the detailed descriptive study, impact of all the measurable variables 

surveyed by Crop Reporting Service (CRS) and Meteorological Department 

has been examined that has revealed many hidden dimensions of affect of 

variables / interaction of allied variables on the wheat crop, which is 

unprecedented in the literature of wheat especially with reference to Pakistan 

/ Punjab.  
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The proposed concept of weighted rainfalls verified very effective / better in 

the projection of wheat yield by the modal as compared to the total amount of 

rainfalls given in the Section 4.3.1 regarding the choice of regression 

technique. Confirmation runs for the validity of the model has also verified the 

goodness of the proposed model given in the Section 4.4. 

 

At the end of the study, a method of unequal probability sampling using more 

than one measure of sizes has been proposed, which gives an improvement 

in the sample selection of villages and ultimately a better statistical data  of 

agriculture will be collected. 

 

6.2  Conclusions 

 As discussed in Section 1.1 (v), Pakistan is an agricultural country and 

its economy is mainly agro based. So there is a lot of potential of research 

work in all the agricultural related fields. A lot of research work is being carried 

out successfully in other fields of agriculture like Soil Fertility, Agronomy, Plant 

Breeding, Genetics Sciences, Plant Pathology, Horticultural Sciences, Seed 

Developments, Preservation Techniques of Different Fruits / Vegetables and 

Agricultural Marketing etc. by two major universities of Pakistan: University of 

Agricultural Faislabad and Barani University Rawalpindi. But agricultural 

statistics is a little bit ignorant field in-spite of the best mechanism of 

agricultural data collection by Crop Reporting Service (CRS), an attached 

wing of Agriculture Department, Government of the Punjab, since 1978. Other 

departments of Government of Punjab: Punjab Bureau of Statistics and 

Punjab Board of Revenue are also engaged in this exercise. In other 

provinces of Pakistan, same departments on CRS Punjab pattern are being 

established for agricultural data collection of their respective province. A 

federal ministry, Ministry of Agriculture and Livestock (MINFA) consolidates 

agricultural statistics on the country level and regularly publishes it in hard and 

soft formats i.e. a sufficient data regarding agricultural statistics of Punjab / 

Pakistan is available for researchers to conduct their research works. 
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Due to lake of research work in agricultural statistics, estimation of yields of all 

the crops is not based on some statistical models rather it is mostly based on 

the subjective approaches. It does not mean that they produce wrong 

estimates but by using statistical models / a scientific approach, quality of 

estimation can be more improved, as improvement potential always exists in a 

phenomenon.  

 

6.3  Recommendations 

 This research work is an effort to develop a statistical model for 

projection of wheat crop independent of time binding using a concept of 

weighted rainfalls. Similar research efforts can be conducted for other major 

crops like Rice Paddy, Cotton, Sugarcane and Maize and for minor crops like 

Sunflower, Fruits, Vegetables, Pulses and Fodder etc. These models should 

be independent of time and capable of yield production of their respective 

crops for all the years. For this purpose, a sufficient data of many years along 

with all possible inputs and climatic parameters have to be used. 

 

As discussed in Section 4.1, amount of rainfalls in each month of the season 

of a crop plays a significant role in its production. But timely rainfall, may be 

small in amount, contributes a lot in the production of a crop that’s why a 

concept of weighted rainfall has been used in the proposed model for wheat. 

Similarly weighted rainfall pattern for each crop can be determined to use in 

its prediction model. 

 

It is important to highlight here that in the proposed model average 

temperature (maximum and minimum) and average humidity level of each 

Rabi month have been used as independent regressor, which has increased 

the number of explanatory variables in the proposed model. But temperatures 

and humidity levels of different months of the season have different impact on 

the yield of the crop. So like rainfalls, weighted pattern for temperatures and 

humidity levels can be determined subject to their importance / influence on 

the production of the crop. It will also decrease the number of regressor 

variables in the model and will return better estimates. 
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It is also a suggestion for the Government Departments engaged in the 

collection of agricultural statistics that they should manage and feed the data 

of a crop production along with all its area / time / inputs / climatic parameters 

distinctions by using a good statistical software, which is mandatory for an 

applied research work. For this particular study, data was available in hard 

form, and 41 regressor variables against 25036 records were manually fed 

amounting to 1.176692 million values / entries. It will ease and expedite a 

research work.               

 

xxxxxxxxxxxxxxxxxxx 
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